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L_ I NTROBUC r ION. 


W HEN making an examination of a mineral deposit in order to 
determine tlie e<-onomic value thereof, one of the most im¬ 
portant tasks before the geologist or mining engineer is to take average 
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samples of the lode or seam at sueh ititcrvals and over such tliick- 
nosses as 'will enable him both to deduce the ave,rag(^ composition of 
the deposit and to determine which sections of the deposit will repay 
the cost of working. This, of course, is genoTJilly recognised. It 
is not, perhaps, so generally recognised, however, that very great 
help is also to be obtained from a chemical study of hand-specimens 
carefully seh'cted so as to represent the various types of ore, rock, 
or mineral, building up the mineral deposit. 

In the course of my study of the Indian manganese-ore deposits 
some y(!ars ago, I made a careful selection of the various types of 
ore and had them assayed not only for the constituents usually 
taken into account in the valuation of manganese-ores, namely, 
manganese, iron, silu'a, phosphorus, and moistun', but in addition 
I was fortunately able to have some of them subjcctetl to complete 
analysis. Half of each specimen was used for tht; annlysis afl/cr 
the determination of its specific gravify, and the other half was 
retained for reference. By a comparison of the analysis of a speci¬ 
men with its appearance, it was ])osaiblc to work out the rpianti- 
tativo mimu'al coraposifion of each specimen, and thus to obtain 
data for an intelligent understanding of the composition of tin; orc- 
bofly as a whole. 

On visiting a new nnuiganese-ore deposit it is usually found to 
be composed of some few of tin; types of ore already analysed, and 
it is then simple, by formijig a rough estiinath of the proportions 
in which these tyi)cs arc' pres(;nt in the ore-body, and by using one’s 
knowledge of the composition of eae.h type, to form a very fair 
estimate of the quality of the deposit in advance of the receipt of 
the results of assays of average samples of the ore, which can as a 
rule come to hand only after one has left the deposit in question. 

On account of the valuable results thus obtained, I was lead to 
apply similar methods to the study of the Korea coalfields in 1913, 
and of the Bokaro coalfield in 191G-17. As I have now accumu¬ 
lated a considerable number of analyses of hand-specimens of coal 
from these two areas and as the study of the Korea data led to the 
discovery of a rough relationship between the sjcccific gravity of a 
piece of coal and its ash contents, which was confirmed by data 
for the Bokaro coalfield subsequently obtained, and as a knowledge 
of this relationship will enable one to determine the ash contents 
of a piece of coal in the field usually within four units of the correct 
‘figure, and often very much closer, merely by a specific gravity 
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do-temiination with a Walker’s balance, it is, I think, desirable to 
detail Djy results for the benefit of the mining community'. 


II.—THE COALS OF THE KURASIA COALFIELD, KOREA STATE. 

Til my jiaper ‘ On the (feology and Coal Resources of Korea 
Slate, (Central I’rovinces ’ jmblishecl in 191-'J^, J have given on 
p. 182 a table of analyses of 7 hand-sjiecimens of coal from various 
si'arns (Barakar s(Ties) in the Kurasia eoalficld in this State. Each 
sp<‘<dinen was broken into two roughly e(|ua1 portions and the spe- 
eilic gravity deienniuation was made in each case on the piece of 
f'.oal that was actually powdered uj) for analysis, the other piece 
of each sjiecimen being ke})t for future refereiicii. The. most inter¬ 
esting type Ihus examined is the bright co.'il occurring in laye s 
in the banded » oal. I'liis bright coal breaks easily into polyheilral 
fragments wdth conchoidal fraclure surfaces, and has all the appear¬ 
ance of b(‘ing a colloid substance and the. purest type of coal. As 
will be se(‘n from the analysis of j). ]8:J below, this bright fjoal proves 
to be. mairly pure coal wiih only 051 jier cent, ash and a specific 
gravity of 1 ‘lO. Assuming that the specific gravity of theoreti¬ 
cally pure, coal from Kurasia with no ash would be I 29, 1 noticed 
that if this figure were deducted from the, specific gravity of each 


' Thill, the specifir j^ravity of coal iii<irfiaM*8 with the ash |ien*mt8ge in, of couno, a 
well-known fm-t, .iinl ihoip iia.vc, of oonrse, Ixtin other leaeareheH m whirh aoine co- 
rolation tM^tween analyHi^ and epecilir {gravity Iihh been noted, at Iraatiuijilicitly, by the 
publication ot tabloa of nnalyai'H of coala with corrpHponding H])e<’ihc gravity dcterniina- 
tions. The following papers may bo cited - 

M. Ij. NcIk'I/ ‘ 8|)Oc-ific (Gravity vStudJoa in Coal Univcnity of Illinois, Bull. No. 89 ; 
ab.strac*t in (UtWery (tuarilian, CXllI, pp. (1917). 

M. \V. Hlyth & Ia T. O’Shea, ‘The Kxarninatiou of Coal in Helotion to Coal-wflail* 
ing Tram*. Jn.it. it in. Kvt]., LVII, p. 207, (1010). 

T. Kniai'rand H. K. Yanc<*y, ‘ Cleiitiing TchIs of Central lllinoia Coal’, Tech. Paper 
301, Bureau of JMineH, Wnshington, ]>|). 0-13, (1025). 

VV. itandall, ‘ i<'r«i(h h’lotation of Indian Coals Hcc., (ifot. Ind., JAT, p. 223, 

(1025). 

l)ra|ier and Mvans, quoted by .1. CoL'gin Brown in ‘Indian Coul Problems *, BvU, 
hut. f n(t HMlrteA rf* t^ul.nvr. No. 3(i, |). 2.‘1, (1027). 

Such jnvfstigatiunH have, however, uHuiilly been i-urried out in relation to probkimH 
of i-iial iMUiefieiation, anrl (he authors have not «leteeled a ndatioiiBhiji such a.s that notiwd 
In tliifl pa|ier. Blylh and O’Shea, indeed, go so far aa to write (/.e., p. 269) t— 

“ Generally, the siiecilic gravity increaaea with the ash content, but, as is evidentf 

. no deliiiite relation can be established hetweeu ash content and specific gravity, 
UH if the iiien'n.HC is duo to adtnixeil iniiieral matter, the resultant specific gravity 
w'ill do()e]id on the I'elativo H])e<'itic gravities of the-e.oal substance and mineral 
matter and on the pniportiona in which they are mixed,” 

> Mctn. (kol. Bvrv. Jnd., Xbl, pt. 2. 

R 'i 
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of the other types of coal, the results mnlti})Iie(l by 100 agreed rough¬ 
ly with the determined ash contents of the s})ecimcT). The values 
for the ash contents t-hat might thus ])e |)i(‘di<’1,ed, as eomj)ared 
with those actually found, are shown below for each of the 7 speci¬ 
mens in question : - 


SjKM-ifh* t^niMty. 

I'rrdu-tofl 
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32 
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1-47 
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• 
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IS 

;:2 od 


Except for the -Ith and last analyses the figure |)r<‘di( ted is in 
every case within 3 units of the figiire obtaitied by a(;tjial determi- 
•lation. But on account of these two diacrepaiuaes, eH])ecially the 
last, I refrained from drawing attejition to this fact in tin; memoir 
in (piestion, as I was on leave in Europe iit the time the proofs passed 
through my hands, and had no opjxutuuity of clu'cking the two 
apparently anomalous analyses. The work has siuc.e Im'CU repealed 
on a portion of the duplicate material in (‘ach ca.se and tin* results 
indicate that the analytical and the specific, gravity figures of thes*'! 
two coals as printed in the memoir cited have been interchanged. 
The followijig table repeats here tlie analyse.® of th(* 7 Kurasia coalr 
referred to abovi*, (‘xcept that the revised figures are givtm for the 
specimens K.-l and ‘ (lorgheJa N. ’ respectively. The analyse^ 
are here arrangcul in order of incnnising ash contents. It will be 
notice.d that this is almost (’.oinehhjiit with the order of increo ing 
specific* gravity. In column 9 is shown the figure obtained by 
subtracting from the specific gravity the ash contents divided by 
too, from which, excluding the figures for the specimens from Gor- 
ghela N., one obtains an average of 1*28, which may be used* ns 
the datum line for ash-free coal from this field. Using this datum 
line the figures given in column 10 show the ash contents as predicted 










317 


Part 4.] Fermor : Dcnsity-cish Melatimshij) of hdian Coals. 

from the 8j)ecific gravity figures. Column 11 shows the error in 
the prediction in each case, the maximum error except for speci¬ 
men C. N., being only 3 units. The only case in which prediction 
of ash contents from a 8j)ecific gravity determination would have 
h‘d to serious error is th(; sj)ecimen from Gorghcla Nula, for which 
tile ash contents thus predicted would have been per cent, against 
nearly 31 ]ier cent., an error as it happens in th(* right direction, 
as it would have led to the sampling of the (lorghela Nala seam 
instead of its neglect. 
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spedmens of coals from tfie Kurasia coalfield, Korea SUUe, 
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Ilf.—THE COALS AND CARBONIFEROUS SHALES OF 1 HE 

BOKARO COALFIELD. 

On c()imu<‘ii( ing work in the Boka^’o coaificld at tlie beginning' 
of 1010, I took an early o])^! oil unity to yend typical sjjceimena ol 
coal to the Gcolcjgieal Survey laljoratory in (’alcutta for the 
detenuiiuitjon of th(‘ aj feite gra\ity and ])To.\iniate eheniieal eoni- 
jiosition, the whole of the material upon wliieli the .speeifie gravity 
was detemiined lieing used for analysis. This work was con- 
tinu<‘d during the following Held season of 11)10-17. Tlu'se resrdts 
were required })riniaiily to help the field work in the manner already 
exj)Iaiucd : but, in addition, it was iny jjurjjose to aseertaiii whether 
in th<‘ ease of the Bokuro coals a relationship betwr'cn spocilie- gra¬ 
vity and ash contents I'oidd be detected similar to that found to 
hold for the Korea, coals. 7 \s a rc'sidt it was found that the rela¬ 
tionship did, in most <as(“s. hold, and in 11)11), additional speeiiuens 
were selected frean my <-olh(lion to Oil up gaj)S in the se(|uenc(“. 
S|)eeilic- gravity delerjninalions ami analyses were repeated (Ui 
duplicate material in some cases where the rc'sults seemed to de|cait 
seriously from what might be. expeetcci, 3’he deserijdion of each 
sjcecimen was recorded before sacrifieing it for analysis, and dupli¬ 
cate specimc’us were as beddre retained for icferenee.* The lull 
data including thc> d(‘.''<rij»tlojis arc* as.«;enddecl in tabic* 2 in order ol 
increasing ash contc'iits. All the* specimens come* fiojii the flarakar 
stage of the (hnidwana. format ion and are, thc*ic*fojc*, of Bala cizoie age*. 

On scanning this (aide it will be observed that oji the whole the* 
spc'cafie gravity incrc'asc's ptni jxtssv with tin* ash contc'nts, although 
there ‘ire ceiiain marked excejitions [K. Ml, F. 112, F. 175 (one 
analysLs)] that intenupt this orderly sc'cjuc'iicc*, F. Ml having a 
specific gravity that is too high and F. 112 and F. 175 specific; gra¬ 
vities that are too low for thc‘ir place* in the; se(pic*nce. F. 378, F. M2 
and F. 138 have also slightly high .sj>ecitic gravities for their posi¬ 
tion. In column 0 of the* table arc shown the tiguirs obtainc*d ]>y 
subtracting frcun 0, the* specific gravity, the ash contents divided 
by 100; in other words, the figures in column 9 


ash contents 



* Ttw .iiialyncs and Bjtecilic giuvity (lotemunalioiiH c<f ticc* Kor(.*a bjiticiniers ajiide 
by MaJtndpu Kam, and of the hetajo sjicciniena niainly by Malmdeu Ituni and Baroda 
('liarau tJcinta. 



TABLE 2. 

Analyses, specific gravities, and descriptions, of hand>^pecimens 
of coal and carbonaceous shales from the Bokaro Coalfield. 
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Table 2. — Analyses, specific yravilies, and descriptions, of hand-s'peciine'th. 
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of coal and carbonaceous shales from the Bokaro coalfudd. 
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(^•ikrs • • « 

D.iik i^rry 

iiMiiiilar, banded, sexubbiigbt coal . 



Do. 

(Iriy 

Finely laiuliiatiid dull ;uul bright 



Do. 

Do. 

Himk hilky coal with line lamination 


j 

Do. 

Do. . 

Dull silky grey (oal with blight vciidebs . 



Cnkcs Btronyly 

Creyitili i^hitr 

Dull greiwy-lustred coal appiouching sliale 



Cakes . 

— 

Ditto .... 


> Fourth-class coaD. 

Do. , • . 

— 

Dull grey eoitl with tliin Iwlghi bamis 



Do. 

hi|j;h( grey . 

liandnatnl dull eoal with brlgiit stn akh . 



i>ocs ant cake 

Light bull 

('arbonauufis bbale .... 



DUlu 

Ditto 

Light yellow . 

White . 

Shaly coal (or earbonioeuuti .shah* with thin 
bands ul biigld eoal) 

Corly sli.di tt and 

4 ai boii.u toils 
shale.). 

Ditto 

Very light yellow . 

Coaly ni. e. .shale. 



Ditto 


Ditlo . 

Micmvoiis (arbonaceuus hbalc (M.e. shale) 

* 

M. 1- slirtlt^ (mkari - 
S (MS earboiiaei oils 
slmles). 

1 

— 

— 

Ditto ditto 


1 


Co. ( i ) uJid C. 8. Fntt(-li,t (f). kSjwclllc t^ravity tloteniilimUoiui by llii' uual>t(t». iilaukii are bIiowu iu colurnnK 11 vii<l rj 
not rvcortlod by th» annlyat*. 

F. 'iia, F. 371), and F. 301, Jharuu Ifala, which la iu VV<ut Uokaro. Th« uuuiburs o( the \Vi%t Uukafo avAMis have uul 
aeoui. 
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f^)T* only those analyses showing less 

tlurn 50 [>(*r <“eTit. of tish, that is those that can projiorly be <5alle(l 
cojils (se(‘. column M of tlu' table.), we find that for 17 specimens, 
each repri'scTited by J or nior<‘ analyses, in no less than 0 cases does 
this figure come to l‘2b. Tiie difference in each case of the. figure 
so obtained from 1 20 is shown in colunui 10 of table 2, each unit 
r<‘presenting OOl. These dcciutionfi, as 1 propose to call them, may 
be summarised as follows: -- 


Ann)Hnt <!*'^ Lit loii 

No. (.1 

(iijiit (MM j 



1 

r» 

1 

•» 

1 

n 

10 

i 1 


1 - 

1 

[ 

1 

1 • 

• > 

- -- — 


1 

1 1 


i II 

I 


l-.'O is Iheirfore adopfed as \\\v fimdamcuta) .speri/ir gracity of pure 
ash lire Sidaro coal and th(' deviations from this figuiv' ranging 
from 2 to 1 I abov(' ar<‘ not fluuighi. io nee<l any j»ar(icular <'x- 
planafion. Lut some exjdanation of the. two low specific gravities 
and I he threr high ones a])pears desirable. 

j\lv first thorighf was that there might be some inherent differ¬ 
ence betw'i'cn th«‘ carbonaceous material of those I'xcetdional coals 
and that of co;ds of m(*re normal density. First, however, f had 
K. 175 re-analysed, as an e.xam])le of unusually low density (- 15), 
and F. HI as an cxamjfie of unusually high density (-1-8). F. 175, 
on re-anal>sis, gave the u])])er of the two analyses shown in table 2 
a,nd the corres]»ond(‘nce h(*r<; for ash and density is so good that 
(t__ —1 20 ; so that we are compelled to assiune that there 

is some error in the first determination either in the analysis or in 
specific gravity. The other low example (- 5) has not been retested. 
A possible cxiilanation of this deviation is given on page 3.34. 
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Coming now to the high hgnros, F. J4l with a devirttion of -fiS 
was re-analysed and found to give a <ievia(.ion of -f-11, so that evi¬ 
dently this higli figure is not <lim to any error, but is ])arti<!ular l.o 
this coal. 

Dr. Fox suggested to me that the departure of some of these 
coals from my rule might be due not s(* inueii to diiVoreiices in file 
eharaeter of I he earbomiecous substance as in fiie composition of 
till! ash. To tt!st this 1 selected three specimens, namely, one Korea 
coal conformirjg to rule, (K.;» ; f 1), one lioKaro e.oal eoriforming 
to rule (l'\J()!f ; 0 and 2), and the high gravity liokaio coal 
{K. Ill ; |-8 and f 11). At Dr. Fox's request, .Mr. I)aw«*.s Robinson, 

f'liief (!he,mist to the ilengal Iron f'o., Ld., very kindly hail the ash 
of these three spi'cimens analysed m his laboratory. The ri'snlts 
are as follows : - 


Taiu.k - Anali/ses of ttsk of cools from Korea and fiolaro. 




lif M, 

KiMf'Il. 

i'oiv;ti o. 

Niiinl>4M' of inun. 


K :j; 

I’MO'.I; 2:5 1121 

K. 1II ; !U.'. 

iId’ u iM\ il \ (t {) 

• 

1 1 IS 

1 1(^11 

J DSc> 

iVoxiiiiMli* \ . 





iMoistdirc' . . , . 


I'.SO 

leu 

0 Ui) 

uLiU^'i 


1!7 iK) 

2!)-7l 

20-.n 

l^'l \D<| i .lI’ljOll 


.i:2‘40 

.7:»* lo 

.71 hs 

Anil. 

- 

1.^ 71 

ISM. 

21 1.7 



lou-oir 

lee eo 

lee ee 

of ash ; 





SiOj .... 


(;i-2o 

.72 • le 

:*.i5 <>o 

Al.Oj .... 


:;2iir 

1 iMf.l 

i2-:}.7 

I'V:.!), .... 

* 

:v7l 

:5 71 

1 0 .Ml 

Ca.O. 


oiu 

I'l.e 

i- 2 e 

) . 

« 

:i;i7 

e 7e 

2-;i7 

SI),. 


OO'J 

e-oe 

e es 

IV >5. 


0-0!) 

eeu 

l-.iir 



Ji)(r(r.'» 

lll)-77 

lee e.7 

-—— -- - - -- 


- - 

- - - — 

— - - - _ 

U8ll 





(J- 

JOt) 

■ 

1-27 

J-27 

IIM 

Doviutiou from atumiknl’" 


- 1 

■1 I 

-l-« 


* J’2S for Korea, 1’2() for Jlokaro. 
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From tluise analysoH it will bo Hiioii that tlio first two are normal 
('(►als with Hpei-itic j^ravity iionformin^' cloaoly to the rule, but that 
the thinl aiial3’si3 with a (I(!vintion from the stanflard of -{-8 con- 
liifus tin; two previons analyses of F, 111. The reason is seen to 
lie, as Dr. Fox. snuj^ested, in the dilTerent (Compositions of thcj ash. 
K. '*) and F. JoO have identictal ferric oxide p(‘r (“(uit.) and nearly 

identi(*al total silica f)liis alumina (i).*5 p(*r cent.). F. Ml, the ab¬ 
normal Loal, has nearl>' 17 per cent, of ferii(c oxide and only 75 per 
cent, of silica plus ahnnina. W(j S(‘e now that F. I 11 ow(‘S its hieh 
speeilie. ^^ravity to unnsnally high contents of iron oxhie--amount¬ 
ing to ov('r A per cent, of the weight of the coal. 

W(! may, I think, legitimately ileduce from thes(‘ figures that 
tin' rnh' vve have discovered connecting sj»eeilic gravity' iind ash 
conlents of Kor(‘a and llokaio coals applies particularly fo eases 
where, tin? ash coni cut is maiidy comprised of silica and alumina 
(in fa,ct «lehy<lrated clay) with only low iron contenis , and that, a 
high density' r(‘lativ(‘ to that re*piired by our rule indicat(‘S an ash 
(,)f higher (h'nsity llian usual, no (hnibt almost always diu' to the 
pn'sence of a compound of iron, which I have, iinleeil see,n on S('Vera.l 
occasions as red spots of hemal ib? in (‘crtain Pxjkaro coals. 

We have now I'xplaiin'd tin* 1hrc<* high [)ositive figures above 
tin? o ) 'V(, ash lirn? in iabh' 2 : the colour of tin? :i.sh recorded in two 
cas(‘s dark reddish brown and dark gn-y' (? ri'ducing atniosjiln're) 
may b(‘ taken as concordant. If the siualhu' figures of |-‘l ri'corded 
in three c.asea an' due to a. small «'xcess of iron oxid(? t he amount <loes 
not appear to have been enough to affect tin' ri'corded colour of the 
ash. 


Tin' seriously large m'gative figure ( Id) has been explained 
as ])robably due to an error and we can ther<?fore, conliflently adofit 
our rule for future us<‘. 

'I’ln* rule is that for Kori'a and Lokaro co;ds (llaraka-r series) there 
is a delinib' mmn'iical relationship In'twcen ash contents and spe 
cilic gravity. If fj denote? the. specific gravity of the, coal, a the ash 
contents, and k tin' specific gravity const.jint of pun' coal, then 


ft 


a 


- hy . 


100 

or a - 100 {y- /). 


For KorciU coals k 1'28 ; for Bokaro coals k ~ 1'2G. For each 
held k should be separately determined, but in cases where this 
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has not hoen done it would perhaps be better to use the Bokaro 
eonstiint, because it is based on a much larger nuTiiber of analyses 
than the luirea constant.^ 

The c«)nstant e-aii, however, be determined cpiickly and directly by 
plc-kijig out as pure; a specim<ui of bright coal as })oasible, and send¬ 
ing it to a laboratoiy for ])roxin\at<' assay and specific gravity deter¬ 
mination on the saiiu' material. 

Ill Plate 2t> both th(‘ Korea and Bokaro results are plott<*d to 
scale, with KjH'ciiic gravities as orrlinates and ash contimts as 
abcissic, the ])oijits Tepres(“nl.ing the* Korea data being distinguished 
by circle.s. Discussing only the Bokaro data and eoiilining our¬ 
selves as hitherto to coals (uj) to 50 jier cent, of ash) we see that 
th(' Tnajority of the. rc'sults conform quite closely to a straight line 
liuv with <n‘igin at l liO. The three points that lie .some <listance 
above this linc^ (asli 21 to 21) per cent.) represmit the three analyses 
of th(! high iron coal F. Ml. The one spot rather fat below is the 

^ Til.it tlHi Villurs of iliiH poTi.^tjint a(lf»]4rfl forKorea an<l IU»Jiaio coals rc* 8 ] datively 
flilTor in.iy to tho fju i tluit tlir K(»ini fl^oiro i« hased ojt only 7 analybOH. l^ut 

(■nin-Mlrralion of iUv Kfuxa ilala unm in in\)U\ 1 makes fJiir ])ix*for to aflo[»t tlio wvw 
thfit till' dilTcrpiirt' attnally c\jsfs. 'I'lic cmioiis jioiiil is tliai flic ifads with tlic 

!n’j.hri' moisluK', iDnnrl\ llioso of Kon a, li;no the lusher fimdaiiif'iitnl kj rcilic ^>ravi(y 
iuslodd ol ilp'hinalkM. 'IJiis j arallcl iclationslni) Utwccji moistiiic coidcnis 

and >s|HM dip , a, Mij/LTstifm tlial n'(ri\OH siippoii irtiin data rcini^scidin^' (mo s] r- 

cinit iis ol (fdil coJIfM t(‘d l>y me in tlu' Island (d Mvjc sonm jeai.s opfK pro^ciniale 

aird\K*s and s|)(^(dif' t.M;r\du‘s nw j^nnn in Ilu‘ I'<»IIom (V- fioin mIjkIi it 

Mill hn hPiMi that m d.li imMpluvc^ fionlonts still In^dirr Hum tli.it ol the Kojca coals, 11:o 
coals 5.^1 VC also ji linjlicr s].eiilic j;ra\itj (OiiKtaiit for juiie coal, unnudy and 

l-.'l'i, ora mean of IIW, It is tnu' that the cojfmv td tin* ash is rcconlod as lif.dd hif.Mii 
;iiid lm)\sji ics[c< ti\(ly, hut tlic t<diil jicrrcntaw of ash is muill, and (ahnialioii slit.Avs 
that, iisin^ tlH‘ ash |icMcnlaj.'C and spf'rilic ^»iavity figures lufiiallj ikdriinincd the 
of k cahnlatcd fiom tlic tii>t (oiil arc l-.*)l.*l ami nicfintin^ as the sju'cilic pravitj 

i>l the asfi (oidfuits he Inkmi as IVd and 5*(k The facts for Iho thico .sets of coals may 
hf' smnrnansctl as follows : - 


Jjocaliiy. 

Numher ol 

JVloistiJiv. 

SjM'rifU' ^*ra\ity 
«‘on.slant ( 1 ). 

aiial)s(‘H. 

Iviiiige. 

A VP ra fro. 

U(il<.ir<k . 

. 

, 

2:1 

0 iO— 2-24 

u-ur> 

1-20 

Korf*a 

• 

• 

7 

3-47.l)-80 

r>-ri8 

1 28 

Skyo 

• 


2 

11’4I- 11-72 

Jl-r,o 

1-31 


Tli,o Higiiificanoo of thin paiallol i(dalioubhip ia dircns'Fcd in fcrection VIII of thia 
paper. 
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- r> r.ofil 112. Ivort'.i coals arc also sutftciciitly close to the 

u[»|)<!r sf.raij^ht lin<‘ with origin at 1*28 cxccjjt the -—7 coal No. (I.N. 

VV<* may say then that for coals (as distinct from c.arhonaceons 
shales) tin; diagram shows that for all practical purposes we may 
accept a straight line l.iw for the relatiojiship hetwoon ash contents 
and s])ecilie gravity as is reipiired hy the formula already empiri¬ 
cally d<‘diiced a))OV<*. 

Let us n'tiirii now to »)ur table No. 2 and consider the analyses 
corr«‘S|»onding to c,i,rlKm.i.e«‘<uis suh^tunees with m(»re Ilian hO per 
«‘ent. of ash carhojiaceous shales of various .sorts in fact, h’roni 
column !> it will he se(‘n that they invariably show a positive devia¬ 
tion from i.he standard sjiecilic gra,vity wlnm treat.i'd ac-(!ording to 
the ruh‘, and 1dia.t. on the average this deviation ine-ri'ases rapidly 
with im'rt'asing a.sh (ontenls so that with (>(> per emit, of ash it is 
I 8, with 71 per cent., it is [ I!) aiui witli 87 jter cent, it is - 110 . 
The beginning of this devial/ion was jierhaps indicated by tin* last 
two coals with dfviations of J I and 1 2 respi'ctively, but t.hese 
drviai-ions may be only conformable in signilicaiK-e with Ihost* 
shown higher u|> on tln^ list of coals, (hi |■(‘b‘rring again to oiir 
diagram it will be seen that on plotting these densit.y-asli values 
for the (carbonaceous shales wc liiid t.liat the e.urve is no long(‘r 
a straight line. 

If wc assume that the- last determined point on our curve, with 
C» -2’o8, 87*1 ])er cent, of .ish and 12'0 j>er cent, of total volatiles, 
is a sim[»lc mi.vture of shah* of (1 and coal substama* of (1 - 1 ‘Jb, 
tlnm wc find that the s[)eciiie gravity of the sliali* portion is d*0l. 
This is, of course, a higJi ligure for shale, but it givtts ns a maximum 
point for the t(*rmination of onr curve on tin; ordinate corresjifuiding 
to lot) [ter (‘cnt.. of ash. 

IV.- HXPLANATION 01 - THH EMPIRICAL DliNSU Y-ASH RULR. 

it appears tlien that w^e liave discovered an empiruail rule eon- 
ne(!ting the .siiceilic gravity of coal and its ash contents that applies 
clo.scly to coals <mntaining up to 50 ]>er cimt. of ash, but Avhic-h does 
not apply to the carbonaceous substanc('-s containing over 50 per 
cent, of asli, i.e., to carlionae-eons shales. It is desirable, if possible, 
to discover the reason for this empirical rule and its limitations, 
and also what is the theoretical rule. 

Let ns inv<‘stigate tlie case of a series of mixtures of jmre coal 
of specific gravity A* (our constant) with a uoii-carbonaccoiis diluent, 
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which we may regard as shale of specific gravity s. As before, g 
stands for the specific gravity of the impure coal or carbonaceous 
shale and a for the percentage of ash or shale in the coal or carbo¬ 
naceous slialc. It is evident that 

a 100 —a 100 


from which wo find that 

, = _. ( 2 , 

ag—100 ig—k) 

We can now consider tliree cases. The first is that in which our 
empirical rule 

a — 100 {g — Jc) ( 3 ) 

is assumed to hold for the whole range from 0 to 100 per cent, of 
ash or shale. Substituting this value of a in equation (2), we find 
that 


The following table shows the values of g and s for each 10 per cent* 
of ash from 0 to 100:— 



It is obvious that the specific- gravity of the diluent ‘ ash ’ can¬ 
not vary continuously (from 6 J1 to 2-2r)‘) with the percentage present. 
Nevertheless the relation' 

a - 100 ( 9 —/. ) 

is found empirically to hold over th(‘ range of ash contents from 
0 to 60 per cent., as if, therefore, the density of the ash does range 
from 6*11 to 2*92. The ^figures in the above table have, therefore, 
been plotted as the curve CE in Plate 27. We shall see later what 
significance they have. 


c 
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The second ease is that in which oiir empirical rule (3) is still 
assumed to hold for the whole range from 0 to 100 per cent, of ash 
or shale, but in which we allot a constant value to the specific gravity 
s of the ash or shale, and investigate what variations in the specific^ 
gravity of Ih- ( iganic matter are necessary to give the linear rule. 
Taking v as tlic specilic gravity of the organic matter (vitrain^ H 
vegetable detritus) and substituting it for h in equation (1), we find that 


V -- (lOO-fl) X 


9 '^ 

100 6- ag ' 


and substituting the value of a according to c([uation (3), 

s-g ig—k) 


The following table shows the value of y and v for each 10 jut 
cent, of ash from 0 to 100 (1) if s—2 (i, and (2) if s:~3*0- 


a 2 6 

.9=3 

a 

g 

V 

a 

0 

V 

0 

1-26 

1 20 

0 

1 26 

■m 

fl 

1-31 

1 277 

6 

1 31 


10 

1*30 

1-293 

10 

1 36 


20 

1 40 

1-310 

20 

1 40 


30 

ICO 

1 332 

30 

1-60 


40 

1-66 

1 338 

40 

1-66 


f.O 

1-76 

1 330 

60 

1 76 


1)0 

1-86 

1-304 

60 

1-86 


70 

1-96 

1 246 

70 

1 96 


80 


1-126 

80 

2-06 


90 


0866 

00 

2 16 

0614 

96 

2 21 

0674 

06 

2-21 

0-368 

100 

2-26 

0 

100 

226 

0 


Taking a* 3, the corresponding values of v have been plotted as 
the curve AK in Plate 27. As the linear rule holds only over the 
range of ash contents from 0 to 60 per cent., avc arc concerned only 
with the range of density of the organic matter from 1*26 through 
1*294 to 1*245. If the organic matter could be regarded as composed 
of vitrain only, we could hold, as with the ash, that the specific 
gravity of the vitrain could not vary continuously with the per¬ 
centage present. But the organic part of this coal probably contains 
two types of substances, namely, vitrain and vegetable detritus 


^ bet) Section VI, page 330. 
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(sec p. 314), and if the latter had a higher specific gravity than the 
vitrain, then the specific gravity of the two should increase with 
increase in the percentage of vegetable detritus. This assumption 
would not, however, explain the subsequent decrease in specific 
gravity, and consequently again it seems necessary to deduce that 
the specific gravity of the organic portion of the coal does not change 
continuously with the percentage thereof present. 

The third case is that in which we assume that the various 
coals and carbonaceous shales may be regarded as mechanical 
mixtures of pure coal of specific gravity k and shale of specific gra¬ 
vity $. From equation (1) it is evident that 

^ a , 100—« ^ 

^ + _ 

Assuming various values for **, the specific gravity of the admixed 
ash or shale, we can calculate the specific gravities of coals and 
carbonaceous shales ranging from 0 to 100 per cent, of ash or shale, 
and compare the results with those required by the empirical rule and 
with those actually determined by ex])erimcnt. These values have 
been calculated for the values of s from 2 0 to 3'1. Ft is unnecjes- 
sary to print them here, but the deviations of the figures so calcu¬ 
lated from the specific gravity figures required by the empirical 
rule are shown in table I on the next i)agc. 

We have to decide which of these calculated sets of deviations 
agrees best with the facts. Our curve OB in Plate 2() expresses 
the smoothed results of experiment, and from this have been 
taken the figures given in column 8 of our table d. 

On comparing the deviations given in column 8 with the devia¬ 
tions for various assumed specific gravities of admixed ash or shale, 
wc observe that the closest agreement is with the deviations for 
M = 3*0. This we might have anticipated, as our curve OB in 
J*late 26 terminates at about 3’Od for 100 per cent, of ash. 3*0 is a 
high figure for the specific gravity of ordinary shale, but it is that 
which suits best our data. In Plate 27, I have, therefore, inserted 
the curve AF showing the specific gravities for admixtures of pure 
coal of A: = 1*26 and pure ash or shale of s = 3*0. It will be seen 
from the diagram that this curve AF cuts the curve AE representing 
our mpirical rule at H corresponding to about 45 per cent, of ash. 
There is not room to re^plot on this figure the curve OB of Plate 26 

c 2 
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Tablk 4.— Deviations of c/il,cifhiled specific gravities of coal and mr- 
bonaceous shahs, with different assumed sprnfic gravities of ad¬ 
mixed ash ar shale, from specific gtavities required by the empirical 
straight-line rule. 
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reprosontiug th(; f'xperimeiital faot:i. Bui if so plotted it would 
coincide throughout neither with the theoretical curve AF (based 
on 5 = 3’0) nor the empirical curve AE. Above 45 per cent, of 
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ash it would, it is true, coincide almost exactly with the prftion 
HF of the curve AF, but below 46 per ceut. it would coincide with 
the portion AH of the curve AE. 

The agreement of facts with the curve AF above 45 per cent, 
of ash indi(;atcs that above this point we are dealing with mecha¬ 
nical mixtmes of coaly matter and shale. One would have ex¬ 
pected, therefore, that the data would continue to agree with the 
curve AF below 45 per cent. The fact that in the majority of cases 
they do not must have some significance. One possibility is that 
below 45 per cent, of ash the specificj gravity of the ash conforms 
to the curve CE. This seems inherently improbable, especially in 
view of the ash compositions given in table 3. AVe must accept the 
likelihood, therefore, that the specific gravity of the ash of coals 
with less than 45 per cent, of ash is not in normal cases higher than 
that of coals and carbonaceous shales above 45 per cent, of ash. 
Another possibility, namely that the specific gravity of the organic 
portion of the coal might vary according to the curve AK, has already 
been rejected. Our facts appear then to juove that the ash 
contents of coals with less than 45 per cent, of ash is not 
present, at least entirely, in mechanical admixture with the 
carbonaceous matter: instiud they appear to prove that the 
association of carbonaceous matter and inorganic nmftcr is 
accompanied by decrease of volume, suggesting that at least a 
portion of the ash contents of such coals is in chemical ar 
physical association nifh the carbonaceous matter. In section 
VlII of this paper it is Buggested that the data are explained 
adequately by the assumption that the particular form of association 
is colloidal; decrease of volume is a characteristic of many colloidal 
systems. 

V.—SIGNIFICANCE OF THE EMPIRICAL RULE: CONTAINED 
INORGANIC MATTER PARTLY IN CHEMICAL OR PHYSICAL 
ASSOCIATION WITH THE COAL. 

It is not possible from this statistical investigation to show 
whether the whole of such inorganic matter is in such colloidal 
association, or only a portion. But the space between the two 
curves AF and AE between the points A and H is a measure 
of the condensation that has accompanied the admixture or asso¬ 
ciation of carbonaceous matter and inorganic matter, and if with 
the lower-ash coals all the inorganic matter is in colloidal asso- 
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ciatioii with the organic matter, it seenia likely that with the de¬ 
creasing total condensation indicated for ash contents in excess of 
30 per cent. (.9 3*0) to 40 per cent, {s — 2*6), the proportion of in¬ 

organic matter in colloidal association with organic matter progressively 
decreascis.^ If it be objected that the specific gravity of admixed shale 
upon which the curve AF is based, namely 3*0, is too high for 
normal shale, the answer is that if a lower figure be selected, say 
2*0, the space aepamting the two curves AF and AE between the 
points A and H becomes wider, indicating a still greater degree of 
condensation. 

Attention may now be redirected to the two analyses (F. 1^9 
and F. 112) in table 2 showing minus deviations from the rule. These 
deviations have been inserttid in brackets in column 8 of table 4. 
It will be seen that they occur at points corresponding roughly 
with the maximum minus deviations for calculated mixtures. These 
analyses liave not been rej)eated ; but it seems possible that such 
deviations may not be errons, but may indicate instead coals in 
which admixture of carbonaceous and inorganic matter has not 
been accompanied by reduction of volume. The —7 Korea coal 
with 30*00 per cent, of ash may also be cited. 

From Plate 27 we see that even if our coals conformed to the curve 
AF below the point IT as well as above it, their density-ash relation¬ 
ships would be sufficiently close to those pertaining to our empi* 
rical rule for the latter to be of practical value for coals as distinct 
from cjirbonaccous shales. Actually we see that the empirical 
nile appears to be the closer to the truth for the range 0 to 45 per 
cent, of ash, indicating the colloidal association between the car¬ 
bonaceous and inorganic matter discussed in Section VI IT. 

In my memoir on the coal deposits of Korea, I suggested that ® 

‘ I’lio bright coni is the purest, and, judging from its brilliant oonchoidal 
fi'acturo, is of the nature of a eoUoidaP substance which lias in some way 
aegi‘ogate<l chemically from the admiicod earthy materials that give rise to 
the greater proportion of the ash of the coal’ 

' In other terminology, wo may be approaching the concentration limit of ash as the 
disperse phase. 

“ Mem. Q.S.I., ALL, p. 180, (1914). 

® This was not, I Hud, the iir.-it suggestion of the colloidal nature o{ the bright coal 
siihsttince. H. Ootoui^ noted the colloidal nature of humus in his work * JHo rezonieu 
Ka\i.sto-hiolithe u. ihre Lageratatteu’, Abhandl. <1. K. Prt%m. deal. LandesanstaH^ Neue 
t'olito. Heft IT, p. X (1911). 

and Wheeler in their |)ai>er on the ‘ Constitution of Coal iJejwrt. of 8cien> 
lilic A, Industrial Keseaivh, p. 19, (1918), mention H. Winter as believing in the colloidal 
M.itii'i' et coal, (pioting Olfirkanf. Vol. 49, pp. 1406-1413, (1913). 
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The view that this bright coal ia a colloidal substance seems 
now to bo meeting with general acceptance^ and many close obser¬ 
vers of coal must be prepared to accept the idea that such coal has 
clarified itself by chemical segregation. In the same memoir (?.©., 
p. 187) I give a case of the formation within bright layers of coal 
of concretionary segregations of lithomarge, and hail these as 
giving force to the view that the bright coal has been formed by 
colloidal segregation. This observation concerning lithomarge is of 
special interest to us now as showing that during the formation of 
coa], mineral matter may itself be in a state of sufficiently fine 
subdivision® to enable it -in cases where it docs not segregate from 
the carbonaceous matter as in the Korea case just cited®—^to enter 
into the intimate chemical (or physical) association with organic 
matter that seems to bo indicated by Plate 27. 

If we accept the probability that the inorganic matter in 
coals and carbonaceous shales may be partly present in col¬ 
loidal association with carbonaceous matter and partly in 
mechanical admixture, then we appear to arrive at the important 
conclusion illustrated in Plate 27 that in coals with ash percentages 
of 0 to 45 colloidal association between the carbonaceous matter 
and the inorganic matter plays a significant part, whilst for car¬ 
bonaceous shales above 50 per cent, of ash mechanical admix¬ 
ture predominates and colloidal association of organic and inorganic 
matter, if it occurs at all, is not of importance. 

A reference to table 4 will show that had our curve AF in Plate 27 
been based on s — 2*9, which agrees nearly as closely with our 
experimental facts as s -- 3*0, the curves AF and AE would have 
cro.ssed at 50 per cent, of ash. It appears, therefore, that in select¬ 
ing 50 per cent, of ash as the dividing })oiiit between coal and shale 
(see p. 328 and diagram, Plate 2(5) we have selected on arithmetical 
grounds a point which agrees closely with that marking a significant 
difference between most coals and most carbonaceous shales, 
namely colloidal association of organic and inorganic matter in the 
one case and mechanical admixture thereof in the other. 

*Seo,e.^., R.II. Bogue, ‘The Theory and Application of Colloidal Behaviour 

Vol. II, p. 611, (1924). . , . 

“.On high degree of dwiieraity in the terminology of colloid chemistry 

“ .‘Vinl is not jihx'joly in i hentu al (lonibiniitiim wit!) ix^Nidiml plunt tisiuioH, 



336 


Records of the Geological Survey of Indict. [ Voh. LX 


VK—NOMBNCLATURE OF COALS. 

In column 13 of table 2, T have entered the descriptive name 
attached to each syx'einn'U at th(* time of collection, when it was 
examiiKid hi the freshly fTuctur<‘,d condition in bright sunlight. 
It will be seen that a grt'at variety of descriptive terms were used. 
A comparative examination of all these specimims shows that they 
can be arranged into the groups shown in the following table :— 

Table r>.- Grou'iting of Bokaro coals according to appearayice, ash 
C07ttents and specific gravity deviations. 



J. Bright coal i^iibHtanco 


II. Silky coal HiUi bands of | 
bright coal, gr;ullng into dull<{ 
grrasy-lustrod oual witliout I 
bright coal. 


111. Qrauular coal 


IV. Shaly coal grading lutoH 
coaly shale. 


y Carbonaceous and m.c. 


Field 

numi'or. 

Bnrk 
r»*gl^f or 
iininl^rr. 

A^h 

conl.(‘iil3. 

Spocifle 

gnavlty 

deviation. 

F. 377 

23 900 

2 31 

0 

1-' 377 

23 im 

2* 50 

0 

K. 114 

23 020 

3 61 

0 

r. no 

23 928 

7 25 

0 

F. 370 

23 997 

13*30 

0 

F. 109 

23 021 

13 80 

+1 

F. 100 

23 021 

18-42 

_i> 

F. 300 

23 021 

21 70 

0 

F. ].'>0 

23 054 

27 71 

0 

F. 130 

23 043 

32*03 

0 

e*. 138 

23-942 

36-11 

+4 

V. 17.> 

23 000 

30*11 

u 

F. 175 

23 006 

50 35 

4 4 

F. 141 

23 045 

24*45 

48 

F. 141 

23 045 

25 88 

4-il 

F. 141 

23 045 

20-15 

4-8 

F. 112 

28 024 

27 61 

—6 

F. 142 

23 046 

30 47 

•1-4 

F. 107 

23 062 

44 52 

f 1 

F. 140 

23044 

40 00 

4-2 

F. m 

23*028 

61*95 

4-10 

F. 304 

23 984 

54*40 

4 0 

F. 181 

23-072 

CO 62 

4-8 

P. 181 

23 972 

68*53 

4-8 

D* A1 


7412 

4-19 

J: • 


P. 170 

23-963 

87*41 

+ 46 



Silky coals (duiiiin) 
► with niacroscoid- 
fiilly visible v li¬ 
ra in. 


Dull silky coni (du- 
rain) with sonic vit- 
rain. 


IduU 

j coal 


greasy-liistrod 
(durain). 


Fcmiginous coal of 
^ durain with vlt- 
rain. 


Intcrbandcd vitrain 
- and corbonaccous 
shale. 


Carbonaceous shah' 
- (trace of vitrain 
In F. 181)- 
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Wh(*ii these spccimeus wore originally described, Dr. Marie Stopes 
had not [n-oposed her four names for varieties of bituminous coal.^ 
I did not iny.«elf feel any s])er*ial ncesd for such a scheme of nomeii- 
clatiiro, but T have neA’^ertli(dcss attem])ted in the final column above 
to make use of her terms where possible. ‘ Fiisain * or ‘ mineral 
charcoal ’ is .sometimes present in lilms on the bedding planes of the 
coal, but is unimportant. Clarain I cannot identify in these 
coals.- 


Groups J & II. — Bright^ silhj and greasy-lustred coals. 

I have accepted the bright coal substance forming group I above 
as vitraiii ami specimen F. 175 in group TI as (himin ; assuming 
that these identifications are correct, the remainder of the coals in 
grou]) I a 2 )pear to be mixture.s of vitrairi and durain, the macros- 
copically visible vitrain becoming less abundant and the durain 
more abundant as the ash percentage rises. Such vitrain is impor¬ 
tant in quantity only in the first two spcjc-imens. As the percentage 
of raacroscopically visible vitrain falls, the lustre of the durain 
itself also gradually changes from rathe.r bright silky to dull greasy- 
lu.stred, 2 ) 0 .ssil)ly with the decrease of mie-roscopically present vit¬ 
rain. At the same tinn^ the tint of the durain becomes less black 
and more grey. Thus F. 109 is blacker and more lu.strous than 


* Proc,. Hoy. Hoc. London, .Sen B., Vol. XC, iij>. 470-48li, (1911)). 

® Jud.i'infi from T)r. .Stoiies’ (leflcii]iH()n8, durain and claiujn aie only inixtuies of 
vitrain and \o;iotal>lo dobris, olarain eontamiiuc a laigcr jienentajKe of \itiain tlmn du¬ 
rain. and a smaJJer jxnxentitj^e of vejiotablf debus. In addilion ll ere is a difleientc 
in tho oharatter of tlie admi.'ied vegetable (’elris, <bi.s <lebii.s in Ibe duiiuii containing 
II higher iieroentugo of Rporcs tlian that in the clarain. it seen s, then fou*, 
for durain to grade into rlarain, tlio JuRti'e beconnng iiicrc*a.singl> blight aa tl.e ].eiccn. 
tago of vitrain inei'en.ses. Tho lustre of the duller l oul ^oparntuj}' the vitrain liJinina; 
in speciineiis F. IKJ and F. ‘)79 does not however, apjieai to mo blight enough to jus¬ 
tify referring this coal to clariiin as de.scril.ed by Oi. .Stupes. This note is iribertcd ie- 
can.so it seems to mo nnlilvoly that I have' missed any ronslitnent in the IJokaro ooajg 
that occuns in any ahundauie. Mr. \V. Kandalt, hov\e\or, in liis .stinly ol .IJinna coah 
which aro very similar to tho llol.uro coals, ('vidcntly iceuginsed what he took to ho 
elarain (see He'’. LVJ. jt. i’l.'o). In (ho tuhle of ash contents given Jhaiia da- 

rain is sliown as containing from ])or cent, of ash and durain as uoiituiniiig 20-40 
per cent, of ash; if ash contents and s[ocdic gravity' wen* the eriteiia for distinguish¬ 
ing k'twoon olnraiii and durain, some of the ooals in my vitram-duraui .‘'ones, sav F.J 16 
1’’. .‘179 and F. 109, shoidd lie termed clarain. That this would be an unsound* step ia* 
indicated by referring to the table of Kore.i toals in which coal with as little as 9 per 
cent, of jish is doserihfd a,s * chill, silky' ’ and is obviously not bright enough to be tern ed 
clarain. See also page 343. 
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F. 176. F. 109 also shows scuitnred seams and specks of lustrous 
vitrain, whilst F. 176 shows none. 

Group III,—Granular coals. 

The one sporimeu of this type is composed as before of vitrain 
and diirain in l)auded association, but breaks with a j^ranular frac- 
tur<i, due perhaps to the method of distribution of the high iron 
contents revealed by analysis. 


Group IV.—Shaly CA>aU. 

Those consist of alternate bands of the bright coal substance 
(vitrain) and black carbonaceous shale, the former falling off in 
quantity as the ash content rises, so that eventually this type be¬ 
comes a <.‘oaly shale. This is the typ<‘ of coal or shale that forms 
hard bands in tluj IC.irgali coal seam (Mo. 13) of the Bokaro coal¬ 
field. 


Group V. -Carbonaceous shales. 

These grade from types with lower ash which are dead black 
(e-arbonaceous shales) into types that are slightly less black and 
are harder and show minute micaceous scales on the bedding planes 
(micaceous carbonaceous shales — m.c. shale for short). These shales 
occasionally show a trace of vitrain and by interbauding with vitrain 
pass into group IV. A great thickness of m.c. shale occurs a short 
distance above the !\argali coal seam of Bokaro. 

A glance at the deviations of the specimens in these five groups 
from the specific gravity required by the empirical rule shows at 
once that they can be arranged into two sections, namely, groups I 
and II with zero deviations and groups III, IV and V with plus 
deviations. Thus it is the vitrain-durain series (groups I and II) that 
conforms to oiir empirical rule represented by the section AH of 
our straight line curve in Plate 2/ and it is in this series that we 
mvist look for our combined nr physically associated inorganic matter. 
Group III shows a plus deviation on account of its high iron (sec 
p. 325). Th' shales of group V conform to the section IIF of the 
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curve for mechanical mixtures in Plate 27. The shaly coals and 
coaly shales of group IV being composed of alternations of vitrain 
with a zero deviation and carbonaceous shale with plus deviations, 
naturally show a plus deviation also. 

In the present paper we are primarily interested in the specific 
gravity of the pure coal substance of the various coals studied, 
and it appears from the deviations collected above for groups I 
& II that it does not matter whether the coal is vitrain, or durain, 
or mixtures thereof : for the fundamental specific gravity of the carbo¬ 
naceous matter of all appears to be 1*26 (Bokaro), indicating that 
if there is any fmidamental difference between these two substances, 
the carbonaceous matter, whether colloidal matrix, spores or woody 
matter, has, for practical purposes, in most cases the same specific 
gravity. 

A study of this vitrain-durain series shows in fact that for prac¬ 
tical purposes the coals of this series from Bokaro may be regarded 
as formed from the association of two apparently (macroscopi- 
cally) homogeneous substances in varying proportions. One of 
these is the bright coal substance (vitrain) represented by speci¬ 
men F. 377 with only 2*31 per cent, of ash, and the other is the 
dull greasy-lustred coal represented by specimen F. 176 with 39*37 
per cent, of ash. This latter type is the variety termed ‘ shale- 
coal ’ in my Korea memoir, and ‘ dull greasy-lustred coal approach¬ 
ing shale * in table 2 of this present paper. I quote here the 
paragraph in my Korea memoir referring to this variety of coal 
{I.C., p. 181): 

‘ The (lull coal tends to possess a slialy structure, and seems to gradate 
(see analysis of K.‘l. table 1, for an intermediate stage) into a stony coal- 
shale or shale-coal of very distinctive appearance. This is heavy (G 
with a grey-black colour, almost bluish in the sun, a greasy lustre and a 
conchoidal fracture; the general appearance is that shown by some varieties 
of psUomelane. except for the fact that this shale-ooal is commonly tliickly 
besprinkled with fragments of (»rboaised vegetable matter, and that it often 
shows small stringers and veinlets of bright coal. It tends to fracture into 
slabby pieces, but the shaly structure is not well developed. I refer to it, 
however, as shale-coal in this report. Its composition is well shown by the 
analysis of D. 154 in table 1.’ 

This dull greasy-lustred coal is represented by three analyses 
in the present series, two from Korea and one from Bokaro, which 
are placed together in the following table ; - 
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Table 0, — Annlysps of duH yreasy-hisired eoals or durain. 


JiOi'ality. 

Ivonvi. 

Bokaro. 

XumlH'i ol specimen .... 

n.lf)! 

K.2 

F.nri 


2UU39 

27 432 

23-900 

Moistuiv • 

Per cent, 
410 

Per cent. 

3 SO 

Per cent. 

0-98 

Vohitile matter ..... 

1910 

22-28 

22-0.’i 

Fixcil < ..... 

4:ir.2 

38-90 

' 37-00 

/Vsh ....... 

33-2S 

34-90 

39-37 

'roTAL 

lOOOO 

100-00 

100-(Mi 

Spocific gravity .... 

l'(;4 

1-01 

1-65 

Deviation from standard specitle gravity 
(Kort^a 1-28 ; liokaro 1'2G) 

1-3 

O 

0 

Calung properties .... 

Does not cako 

Cakes strongly. 


There appears to be sufficient resenif)lance between the physical 
character and proximate chemical composition of these three spe¬ 
cimens to permit one to accept them as representing a definite 
type. The differences in resi)on8e to caking tests may bo due to 
the different moisture cotitcnts of the Korea and Bokaro coals or 
to the conditions under which the tests were carried out, and not 
to any important difference between the specimens from Korea 
and Bokaro. It may be pointed out here that all the Korea coals 
are high in moisture and non-caking, or nearly so, as is shown in 
the table of analyses on p. 31 

As one of these two types, namely the bright coal, must, when 
pure, be practically devoid of ash contents, it follows that the dull 

^ further, the two coals from Skye disfussed in the follo'winj' ] aj or (j*. 369), nliich 

nho\v still higlier moisture contents, aw-also m-n-caking, feo also |)oge 349, and foot- 
noto to pago 327. 
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coal must contain the ash—in intimate association with the organic 
matter as already shown.^ 

With this dull greasy-lustred coal (omitting the enclosed mac- 
rosco})ioally visible fragments of carbonised vegetable matter and 
vein lets of bright coal) and bright coal itself, we have apparently 
two roughly homogeneous types of coal. There is also one homo¬ 
geneous type of carbonaceous shale namely that termed by me 
in.c. shale (micaceous carbonaceous shale) as represented by the 
analyses of F. 64 and F. 170 in table 2. It seems to me that the 
analysis of the data given on p. 33'• shovs that with very few ex- 
eoptions the Bokaro coals and carbonaceous shales may be regarded 
as comi)oiinded of these thr(‘e types—bright coal (vitrain), dull 
coal (durain) and m.c. shale—sometimes in intcrlamination and 
sometim(‘8 in more irregular and intimate association. ‘ Mothcr-of 
coal ’ or ‘ mineral charcoal ’ (bisain) may occur in any of the types 
in thin films. The Korea sj)ccimens collected contain only 
the two first type's mentioned, shaly coals and carbonaceous shales 
being absent. Tn addition macroscopically visible inorganic matter 
may be present, c.g., lithomarge concretions in Korea coal and 
red h(‘matitc concretions in some Bokaro specimens. 

These views concerning the composition of the coals of Korea 
and Bokaio based solely on a stiniy of their proximate analyses, 
density, uinl inaeroseopic characters, are in accord with and receive 
support from the work ol other observers, who, studying coals of 
other localities, have subjected their material to microscopic and 
chemical examination. 

Thus A. Duparquci'*^, aj)plying the metallogruphi(5 niieroscope 
to the study of polished and etched surfaces of coals from tluj north 
of KraiHM*, arrives at the following conclusions®;— 

‘ Lcs of>8ervatiou« «xpebi6c'8 preoefleinmcnt |)ermotU;nt Ue cojiclnre, 
qu’ETiBlratilion faito tio la Huljbtatico min<')i’alo quVllo conti«ut, la hoiiillc eat. 
formeo do doux 6k‘mont4i iiucroHcopiquiis.’ 

1 But ultliough thus dull coal is to the unaided eye homogeneous it cannot be regarded 
as a simple compound of bnght eoal >vith inorganic matter. Alicroueopic examination 
n'ould vloubtlepft ro\eul the piesente ol plant entities such as spores not visible to the 
naked eye. 'J'lic a«sociaU*d inoiganie matter may in part bo the original minoial matter 
ot the plant contained in lliese entities, but it is at least in pari doubtless of extraneoua 
origin wid, a.s indicated ou )>. 347. in colloidal association with the blight coal subslame. 
See also X>epaique’s diagram pag*‘ 34:1. 

s ‘ la's qualie conatitisants de Ju Houille dii Nord de la France Soc, O^ol. du Nord^ 
Annales, L. pp. 50-7tt, \192S), 

* L, c., p. 70. 
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1, Des dkbris vigHaax do uaturo diiT6rciiic qul ho soiit (16})Os^'6 duns un 
premier temps. 

2. Une substance fondnmenlale do nature coUoidale qni eat vonne cimenter 
CCS debris on passant siicccssivemont par Ics ^tats liquidc, colloidal, puis 
solido, et qni derive vraisemblablomeut do la degradation ultimo d’autros • 
debris vegetiiux. 

C'est la nature <Uw premiers, J’absenco do Tun ou do I’autre, on lour 
combinaison, qui d6termincnt los quatro oonstituants macroscopiquos do Mmo 
Stopcs ’. 

Then follow (lefiiiitions of fnsaiii, (Inrain, claraiii and viirnin 
and the following diagram (translated) ilhistraiing the uoinpositioii 
of each of these constituents:— 


Or 


gon/c 

debris 


WoocffSclerenchyma j- -. 


Alyae 


Si 


)pores 


Numerous “ 




career 


+ 


L.-, 


^Fusaln 


Du rain 


Scarcer — 


Cla rain 


Fundamental\Domlnant~ 
Substance 

\Alone 


Vitrain 


Vi train, it will be seen, is identical with the ‘ fundamental subs¬ 
tance.’ 

Professor Wheeler^ in a paper on the ‘ Chemistry of Coal ’ read 
before the .British Association arrives at conclusions that are prac¬ 
tically identical with those of M. Duparque, although expressed 


1 Jouriu Hoc. Chew. Ind., Vol. 46, pp. 848-863, (1927). 
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in different terms. Considering both coal and peat lie states that 
two main types of material may be recognised : 

(a) ulniins 

{h) plant mat<!riaLs resistant to decay and to chemical treat¬ 
ment. 

By chemical mcdhotla it is ap]>arently easy to ('ffeet a ready sepa- 
ratiorj of the coal-nlmins from the rtjsistaiit plant-debris, and thus 
effect a rational analysis of the several components of a banded 
bitumiiious <;oa1. The nisults of such an analysis of the four com¬ 
ponent bands of flamstead coal are given as follows* : - 



(lliiiiii 

plant 

cMititio.s. 

llydro- 
Cfirhons nml 
rosins. 

(>cii<'ral oliaraclor of 
lilnnt cutitivH. 


JV.r cnit . 

IVr p<'nt. 

J’c'r o( ni. 


Vitniiir . 

SXi 

Mil 

4 


Clarain • 

92 

G 

‘,i 1 

CuIkIos and spoie 
rxino.s. 


s;i 

ir> 

•> 

Cnfirjf's, hpoi(» <i\j]u*s 
and uuo<iy tihsuoN. 


20 

so 

Mil 

Woudy tissues. 


Omitting fusain as an exceptional type it is seen tliat vitrain and 
<lurain arc the normal end typeis and that clarain is equivalent 
to a mixture of vitrain and durain—in this case roughly 9 parts 
of vitrain to 4 of durain - durain itself being only vitrain with ad¬ 
mixed resistant plant debris and finely divided mineral matter. 

M. Duparque’s* diagram confirms this view of the intermediate 
posil.ion of clarain. These results, therefore, of Messrs. Duparque 
and Wheeler support the view advanced earlier in this paper for 
Bokaro coals that omitting the unimportant fusain of ‘ mineral 
charcoal ’ wre have to deal, in Bokaro banded bituminous coals, 
only with two fundamental constituents of organic origin, namely 
the colloidal ‘ pure coal ’ and the vegetable detritus, wliich' in 

’ L. c., p. 8r>o. 

• See also Duparque, l,c., Platicli IV, fig. 14. 
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practice yield the end forms bright coal (vitrain) and grcasy- 
lustrod dull coal (diirain). 

In so far as the mineral nialtor in coal roi>rcseiit.s the ash con¬ 
tents of the original plants it is doubtless at least in })art j>resent 
in the v(‘getal)le detritus still recognisable in the coal, and to this 
extent the ash contents of a coal may be roughly proportional to 
the amount of v<‘getal)lo detritus jiresent, although it must be re¬ 
membered that the lormatiou of vitrain has involved the destruc¬ 
tion of vogetal)lc tissues with rtdease of associated inorganic matter. 
It is doubtless in ))art such nuneral matter that is now in intimate 
association with organic jnatter as detected in tin? })r(*s('nt res(!arch. 
In addition, there may be ‘ ash ’ or mineral matter of extraneous 
origin in either the colloidal emdition or in mechanical ad¬ 
mixture. TJiesii consideratioii.s lead us to the conclusion that our 
banded coals arc composed of four coustituents, which arc : ' 

(a) My ‘ bright coal ’, ‘ of the nature of a colloidal substance’ 

—1914. 

Dr. Marie Btopes’ ‘vitrain’—1919. 

M. Duparque’s ‘ Substance fondamentalc do nature colloi- 
dale ’ -1920.1 

Prof. Wheeler’s ‘ iilniin comjiounds ’ or ‘ ulmiiis ’ (with 
lij'droearlions and r<*si!i.s) - 1927.- 

(b) Vegetable (.letriiiis or oig.uiiscd jdant entities (of which 

fusain may be r<‘garde«l as the end form). 

(c) Mineral matter in chemical or physical asaociatiou (ci/. col- 

]oid<il). 

{(i) Mineral matter in mechanical admixture. 

Ill practice these four constituents give three main types ot 
roughly homogeneous carbonaceous substances, namely: - 

J. llright coal (vitrain) coinjiosed of a 

2. Dull coal (durain) composed of a f- h -}- e 

3. M. c. shale (composed of d -j- 0^ 

VI!.—COMMERCIAL CLASSIFICATION. 

This investigation seems to throw .light upon the general nomen¬ 
clature of coal. Tt also indicates suitable lines for the classitica- 

’ Ktir an ac of the ‘gelco foiula ment.'ile ' «*i Pertuinci (1808) anU other French 

ifleieiico may be made to iSto^ioh aud \\ Imclti, l.c., p. .31. 

® Xtie term ' ulmin ’ wuo proposed at) Jrmg ago 1807 h.v T. Th<jmHon, and haa been 
ardopted by Stopea and Wheeler in pivleiviite to ‘ liunu<- HiibatHucca l.c., ji. 32. 
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tion of Bokaro coals for coumierciul purposes, it is uan**cessarjr' 
to discuss ibis in detail. li(‘fercnce to the tabular statement in 
tal)le 2 and to the diagram forming Plate 2 indicates that the fol¬ 
lowing is a suitable classilleation of Bokaro coals for commercial 
purposes:— 


Taijle 7.— CoHwcrcial classljhalion of Bolaro coals. 


A.sJi coll lent . 

Dosffiptivc mamoH. 

C'onimercial olassificaiiou. 

Per cent. 



d—o 

Jiriyht coals ..... 

A First and second-elaas coals 
> dividing point 15 per centi 

o 22 . 

iSiJky coalii, usually with l<righl bands 

J ash. 

22 'S.i . 

Jhindcd tiilky aiul nhiily couIh. AliiO 
['raniiliir cchUs. 

Third-class coals. 

23 OU . 

iJull (.■'■illvy to gti;a8y-lu.stil'd) coala : 
bunded bliuly eotds. 

Fourth-ehesa coulb. 

50— 05 . 

(.'oaly slialea and caibiinaeeoutj liliulcb 

^('oaly and eurbonaciious siiuks 

05 88 . 

1 

M.c. shales (inicaiuou.s earbondicoiis 
s ha leu.) 


The dividing j^tuiiit of 15 pt r CL-nt. ol ask lM*tween lirsi and second- 
class coals (h)es not arise iKun the invest (.'?m I ion in ihjs pa})er, but 
is based on custoni and what is Jeasible with Bokaro coal. This 
classilicatiou is also suitable for the Konai coals as indicated in coluinn 
15 of table 1. 


VIII. COALS AS COLLOID SYSTEMS. 

In the preceding sections of this paper the deductions drawn 
are based upon the actual exp(‘iimental and observational data 
accumulated. Ineidejitally, however, reference is made pagelJIVl' to 
a former suggestion of mine (1014) that the bright coal {i.e., vitrain) 
of Korea is a colloidal substance, and this idea is now applied also 
to the vitrain of Bokaro. Ileasons are advanced in support of 
this suggestion, but they arc not sulKcicnt to prove its correct¬ 
ness. Since this paper was sent to the press I have given further 
consideration to this point and it now appears to me that the 
statistical data contained in this paper themselves provide strong 
evidence of the colloidal nature not only ol vitrain, but of the vitrain- 
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diirain Beries. It would cause inconvenience now to attempt to 
?iJodify the text throughout in conformity with thia view, but I 
])roiJ08e in this additional section briefly to indicate the manner in 
which the data given in the body of the paper can be explained in 
the light of colloidal systems, and in the following additional section 
(IX) to indicate the light that may be thrown upon practical 
(jiuestions connected with coal if one accepts the view that with 
some coals at least we are dealing with colloid disperse systems. 
This separate treatment is all the more appropriate because the 
tiata collected in this paper were obtained without any reference to 
the principles of colloid chemistry. 

In the previous sections of this paper it has been shown tJitU 
the Bokaro coals are made up of four constituenla :— 

Organic— 

(а) Vitrain, 

(б) Vegetable detritus, 

Inorganic— 

(c) Mineral tnalter in chemical or physical association with 

organic matter. 

[d) Mineral matter in niiichanical admixture with organic matter. 

The intimate manner in which tlieae constituents appear to be 

associated in coal renders it possible to regard these various asso¬ 
ciations as disperse systems. Disperse systems are in their sim¬ 
plest form two-phase systems of which one phase is known as the 
continuou'-. phase (or dispersion medium) and the other as the dis 
perse phase. Each of these phases may be either gaseous, liquid 
or solid. According k) the size of the particles of the disperse phase 
the system is described as (1) a molecular dispersion (true solu¬ 
tion), (2) a colloidai dispersion (cmulsoid or suspensoid), (3) a coarse 
dispersion (emulsion or suspension), the range of size of colloid 
particles being roughly 0-0000001 cm. to 0-00001 cm. in diameter. 
Of these the molecular dispersion is an apparently homogeneous 
3vstem, whilst the other two are heterogeneous systems, the particles 
oi ihe colloid being ultramicroscopically visible, and those of the 
coarse dispersion visible imder the microscope, or even macrosco- 
])ically. In emulsoids and emulsions the disperse phase is liquid 
and in suspensoids and suspensions it is solid. 

Of the foiu* constituents of our Bokaro coals as listed above, 
we cun treat {b), (c), and {d) as acting as dispeisc phases and (a) a.s 
a dispersion medium. 
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The aspect of coal that has been specially considered in this 
paper is the relationship of specific gravity to ash contents, or, in 
other words, of density to degree of concentration of the disperse 
phase. In the case of a coarse suspension, which is one form of 
mechanical mixture, the specific; gravity of the system can be cal¬ 
culated from that of the two phases on the assumption of no change 
of total volume. But, in colloid solutions, owing to the fact that 
the disperse particles are so small that the ratio of surface to volume 
is large, so that surface energy comes into play, the specific gra¬ 
vity of the system cannot be so calculated. In fact with both 
colloid and molecular dispersoids, the density of the disperse system 
is different, usually higher, than for a mechanical mixture of the 
two phases, indicating that the association of these two phases 
has been accompanied by change of volume, usually contraction. 
In the case of molecular solutions, the density-concentration dia¬ 
gram is a curve concave towards the density co-ordinate. In the 
case of colloid solutions there is a difference between the type of 
diagram for emulsoids and suspensoids. Bmulsoids give a curve 
concave towards the density co-ordinate, as with molecular solu« 
tiong; but with suspensoids the density shows a linear increase 
with increase of concentration of the disperse phase, so that the 
curve expressing this relationship is a straight iino.^ 

With the preceding iutioduction we can now mention that 
brielly speaking tlie data already given in preceding sections 
of this paper provide evidence lor the following interpreta¬ 
tion :— 

(1) The coals of the vitrain-durain series of Bokaro and Korea 
form a series of colloid solutions (suspensoids) in which 
the vitrain is the dispersion medium and the ash conttnt 
forms the disperse phase." 


. ^ Woli^iiug (ntwald, ‘A Handbook ut (Jolloid CJhcjuisuyWocond Euglittb 
JOdilion, tiuiisialod frojn the (jlcrinan by M. 11. I'’i8jicr, p. 124, (IU19). Later 

works Oft colloid chemistry give but little attention to density and eonccntratiuii 
diagrams ond it is possible that further rcbcarrh may nut support Ust\\ aid’s criteiia tn 
tolo. thus some emulsoids and gels may yield convoi insU uil ol eoueave ones, k'nither, 
Ostwald’s deduction that the density-concentration iclatioiiship lor t>usprnst>id system. 
IS linear as based on datii relative to systems of low degrees of couccutration (e.p., 
4 4 per cont.). Tho present investigation relates to a typo of system cuntuiuiug up to 
40 to 60 per cent, of tho disperse phase. 

* Iho Iraguicuts of v&gotablo debris form an additiunul constitncnl, and as they 
oro at least luioroscoploailly visiblo, they eaiiuot be regaided us forming a part of a colloid 
system; instead they form a coarse dispersion (susfKiusion) witii the same dispersion 
medium os the colloid purticlcs. 

D 2 
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(2) The vitrain itself is a colloid system of the emiilsoid or 

typo in which it is uncertain whether the moisture or the 
complex of carbon compounds (or moisture-free vitrain) 
acts as tho dispersion medium. 

(3) The carbonaceous shales are raeclianical mixtures ol in¬ 

organic and organic matter. 

(4) The shaly C()als and coaly shales are the products of inter- 

lamination of vitrain and carbonaceous shale. 

The deduction that tho vitrain-durairi series is a series of 

colloid solutions of the suspensoid type is based on the fact tluit 

the relationship between the density and ash eontents of coals of 
this series is a linear one as demonstrated in a previous section. 
In the work by Wolfgang Ostwald to which reference has already 
been made it is pointed out (/.<;. pp. 134—135) that in suspen¬ 
soid systems the saturation concentration is usually very low, < 

0*1 to 0*2 per cent, for colloid gold. Silver sols containing more 
than 30 per cent, of silver are mentioned, but it is suggested 

that this colloid concentration is due cither to an admixture of 
impurities or that one is dealing with a coarse siLspension. How¬ 
ever, it is theoretically jwssible, if wo assume that the disi)erse 
phase in a suspensoid is composed of rigid spherical particles, for tho 
volume of the disperse jdiase to reach a maximum of about 74 

per cent, of the total volume of the disperse system : whereas 
in both emulsoid and emulsion systems the disperse phase, because 
the particle.s tljeieof can be distorted, can occupy ahnost the 
whole of this space, as, e.g., an emulsion of petroleum in soap 
solution in wliich as mucli as 90 per cent, of tho former may form 
the disperse phase (/.c., p. 138). 

In our greasy-lustred shale-coal or durain we appear to have 
a suspensoid system containing from 33 to 39 per cent, of the dis¬ 
perse phase. As, in view of the preceding paragraph, this is a 
high degree of concentration, it is comforting to be able to point 
to refined Trinidad asphalt as a colloid system that has been shown 
to contain 35 per cent, of clay in the colloidal condition dispersed 
through a medium of bitumen.^ 

* CJIifford Ri«har<lson, .‘Jrd Report on Colloid Oliemistry, pp. 98—102, (1920). 

The dondity of tho i-eOned asphalt is siven as 1 -400. As this must be a suspensoid 
system tho dousity-conoimtratiun relationship should bo linear. As tho diR[)er8o phase 
is probably tho H.imo in both tho Trinidad asphalt and tlic Bokaro coals it sooms likely 
that my rule for dedacinfi tho specific gravity of ash-froe ooa! should be applicable 
to tlio Triiiido^I asplialt. This would give 1*400—0*354»» 1*040, or say 1*06 as the 
density ol ash-free Trinidad bitumen. 
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Let us now consider the vitrain. It has akvady been pointed 
out in the footnote to page 327 that the specific gravity of certain 
coaLs increases with the moisture contents. If we confine our 
attention to analyses of vitrain only, we find that the available 
analyses, ten in number, of vitrain from the Bokaro, South Karan- 
I>ura, Kurasia (Korea), Talcher and Bench Valley coalfields, and 
of two specimens from Skye, show the relationship between mois¬ 
ture and specific gravity, when the latter is reduced to an ash¬ 
free basis by application of my linear rule, that is expressed by 
the following figui’es :— 

Tarlk 8.- Moishire ami specific gravity of Indian vitrains. 


n<jlcaro . . . , 

•><». 

J-larkni (Ik jn li V'alloy) 
Ilukacf) . . . . 

Aifijwlii (Smith 
Koioa .... 

iSkyo .... 

Do. 

Korea .... 

Talclier .... 


Miiistorc. 

PfT cent. 
1-21 

2-20 
2-2t 
(*•27 
9S0 
JJ-'ll 
11-72 
i:}-02 
15 OS 


S]M'ciric {frnvity of 
n»h-froe vitrain. 



When tlie analyses are arranged in order of moisture contents, as 
in the foregoing table the regularity of tlu; figures of specific gravity 
is seen to be spoilt by two analyses, namely the 3rd and the 8th, 
which show specific gravities somewhat too high for their position 
in the series. Neglecting these, the remaining (*io]it analyses, 
wlnm plotted as a density-moisture diagram, yield a well-marked 
curve.' This proves that wo arc not dealing with a suspensoid 

* Thij? ifl not. piven now, hc-causo Hpreimons of vilmin from vaiious ndditionnl Tndinn 
localil'iPH arc beiiip obtuinod in order to jnovidc ndditicn.-d daia. 7t npfonis lo mr, 
however, to ho veiy leriarknMe that Bpecimenfl collected from bix difTcient roaIliel<l«, 
two diiTerent conntiieH, and two different geoJopicnl priodw (('’arl oniferouf ami Tertiary), 
BhouJd yield Huch a result. 
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flystem. That we are not dealing with a aeries of coarse suspen¬ 
sions or mechanical mixtures is proved by the fact that higher 
moisture or water is .accompanied by higher density, instead of 
by a lower one, as would be the case for a mechanical mixture. 
Tliis leaves us the choice of a molecular solution and a colloid 
system (an cmulsoid or a gel). The fact that the moisture forms 
only from 1 to 13 per cent, by weight of the total seems to j)reclu<le 
us from regarding these vitrain spec-iitieiLs as molecular solutions, so 
that we seem compelled to accept vitrain as a colloid .system. Whether 
in this system the moisture acts as the disper.sion medium and the 
complex of carbon compoiiiuls (let us call this complex moishire- 
f'ree vitrain) as the disperse phasci or vice versa, wo have no (widence, 
nor do wo know whether the system should be regardeil as an cmulsoid 
or a gel, though th(‘. latter seems more likely. 

Summarising it appears then that vitrain may be regarded .as a 
colloid sy.stem, of emidsoid or g<;l type, of moisture and moisture-free 
vitraiid; and durain as a colloid system in which tlie vitrain acts as 
a dispersion medium containing two disperse phast'.s, namely ash 
(sus])ensoid) and vegetable detritu.s (coarse .suspen.sioii). 

IX. PRACTICAL APPLICATIONS. 

The relationship described in this paper between the specific 
gravity and ash contents of coal and the specific gravities and mois¬ 
ture contents of specimens of vitrain has been explained in a pre- 

V iou.s section on the basis of the properties of disperse systems, 
both mechanical and colloidal. The relationship is pointed out 
and the conclusions concerning the colloidal nature of some coals 
that follow therefrom enable one to offer deJinite suggestions on 

V arious practical pioblems connected with coal. 8omc of these 
suggestions amount really only to suggestions for further research 
by those who have the opportunity for such work. But it will 
probably be useful if I enumerate here such points as have occurred 
to me. 

Suggestions can be offered under the following headings;— 

(1) Prospecting for coal. 

(2) Coal washing and flotation. 

‘ 'the simplest treatment for vitrain. The ‘ volatile matter ’ and ‘ fixed 

carbon ’ also vary x^rogressivoly with the speciGc gravity of vitrain and ultimately a less 
siiuplo treatment may bo necessitated by the data. 
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(3) Coking. 

(4) Manufacture of liquid fuel from coal 


The linear relationship between specific gravity and ash contents 
that applies to the vitrain-durain series of coals enables any pros¬ 
pector who knows the fundamental specific 
Prospecting for coal. gravity of ash-free coal of that series to deter¬ 
mine in the jungle the ash contents of a lump 
of coal by the very simple expedient of taking the specific gravity 
with a Walker’s balance. As he can in this way make a rapid ash 
analysis of as many varieties of coal as he likes, it is easy for him 
to form in the jungle a rough estimate of the (luality of coal seams 
encountered and to determine then and there whether the expen¬ 
diture and time necessary for careful sampling is justifiable (see 
page 32fi). Although this method is strictly applicable only to 
coals belonging to the vitrain durain series it can also be used for 
mechanical mixtures represented by shaly coals without serious 
error (see page 334). 

Any attempt to beneficiate or improve the quality of coal by 
methods of washing and flotation depends obviously upon the state of 


Coal washing and 
flotafion. 


association between the organic and inorganic 
constituenfs of the coal. It will be accepted 
as obvious that neither of these methods can 


have any hope of success when applied to colloidal systems, that 
is to say, to the vitrain-durain series, except in so far as a particular 
coal has a portion of its vitrain segregated into definite bands. In 
the case of the mechanical mixtures represented by interbanded 
vitrain and carbonaceous shale on the other hand, the difference 
between the specific gravity and other properties of the vitrain and 
of the carbonaceous shale is so high that, given a sufficiently high 
proportion of vitrain, tlie beneficiation of the coal by methods of 
flotation or washing, may conceivably be an economically feasible 
proposition. 

The factors in the composition and constitution of a specimen 
of coal that may confer upon it the property of yielding coke when 

heated under suitable conditions do not. appear 
^ to be fully understood. This investigation 

seems to throw light upon one factor that may be of material impor¬ 
tance. It has been thought that the presence of vitrain is helpful 
to the coking properties of a coal and the presence of durain is 
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inimical thereto. This investif^ation shows, however, that the prob¬ 
lem is not so simple. A referenco to the figures given on page 340 
will show that if one can judge, coking pTO{)ertics of a coal from 
the ordinary laboratory determinations of caking properties, then 
with vitrain the ability to coke is in jiart a function of moisture, 
for those coals with tlic low'cr inoisttire show caking properties 
and thosci with liigln'r moisture show' non-ctaking properties.^ The 
analyses «)f dull greasy histred coal (diirain) given on page .‘110 from 
Ko?’ea and Hokaro tell the same story. The liokaro dtirain with 
30 y)er cent, of ash and 1 [)er ceiit. of moisture cakes strongly. 


The two sy)ee,imens of durain from Korea with 33 to 35 per cent, of 


ash ami about 4 ])er ctmt. of Jiioisture do not cake. On com|)a.ring 


the data for vitrain with the. data, for durain 


Ave see that even 30 


per cent, of ash contents does not harm the ability of the C(Uil to 
cake; but that with both vitrain and durain high moisture is ac¬ 
companied by absence of caking properti(*s.- Tt does not follow that 
tliese f)bservationH w'ill ]>rovc to be a[)plic,able to all (‘oals, for it wdll 
be noted that all the c.oals now umhu* eemsideration with the ex- 


cef)tion of tlic two specinums from Skye are of PalacTOic ago. 

On the practical side one Tiiight thijik that, on the basis of these 
observations, it should be easy to convert a non-coking coal into 
a coking coal merely by the operation of reducing tlie moisture 
contents. The problem is probably not as simple as this, for in 
the ordinary process of determining the ‘ moisture ’ contents of 
coal the moist.nre is driven off without converting the coal into a 
caking coal. This moistur<‘, moreover, is not loosely held hygros¬ 
copic moisture, but is obviously much more intimately associated, 
if my inletprcinlion correct that it foinis a .sepa,rato phase m the 
vitrain colloid system. The results obtained from practical tests 
on a largo scale do not, however, always agree with those obt,aine.d 
in the laboratory, so that large-scale experiments upon the removal 
of moisture from a non-coking coal otherwise similar in analysis 
to low'-moisture coking coals would seem to bo worth while. 'Fhe 
ordinary processes of making coke result in the rapid application 


^ Moi.'it.iiro is, of course*, not tl»o only factor that counts. Tho same data show also 
a regular chanjfc of vohitilc matter and tixed carbon witli moisture and spe'clfie gravity. 
T'lirther data are heing ooUcc,te*d and it is hoiH*d to di.sciiss vitrain analyscis in a lat,er paper. 

' Since this paper was sent to the press, Mr. Ualaram Son of the Tata Iron and Steel 
Co., I.td., has desciihed before the Indian Science Congress at tho Calcutta meeting, 
January 1928, tho rc.sult8 of a largo series f)f practical tests direcled to ascertain tho factors 
that confer coking propertic's upon (M*al. lie finds that high a.sh does not prevent a coal 
from coking, but that iiigh motsturo docs, hi.s rcbults (iroving tliijs to be in acconl with 
mine. 
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of heat to the material being under treatment with the result, 
no doubt, that the carbon compounds are affected by the heat 
before any considerable reduction in the moisture contents has 
been effected. It may, therefore, be otlcred as a suggeation worth 
practical test that it may conceivably be possible to conv^Tt a 
suitable non-coking coal into a coking coal by holding it for a con¬ 
siderable time .at a ten^perature sunici(*nt to remove the ‘ mois¬ 
ture ’ (tontenks before raising the temper,a lure of the coki'-ovt'u to 
h(‘ights that will ellect a breaking up or distill.ation of the carbon 
compounds. 

If one accepts the view that certain coals may be regarded as 
colloid systems, it seems possible to oiitlino theorelically the broad 

steps necessary to convert such coal into li- 
Mannfachire from coal Xhe apparently solid coiulitioii of 

the coal may he. regarded as diui to tlie higli 
viseosity of the vitrain. The first stc]), therefore, would bo one 
that rodiiees this viscosity to such an extent that the. cjirbon com- 
pouTids possess the })r()pertics of a mobile fluid. The moflern 
nudhod of hydrogeuisation, which is directed towards lowering in 
tluiir respective serious the hydrocarbon comjiounds contained in 
coal, is obviously a method of effecting this rc'sult. Should ihe coal 
thus treated be an impure onci with a large amount of mineral matter 
in colloid solution then the process of treatment would presumably 
re,8iilt in the production of a liquid fuel still containing siicli parti¬ 
cles in the colloidal condition. Two methods appear to suggest 
themselves of purifying the liquid fuel from tlicse colloid particles. 
One is obviously the method of distillation, wliich results in the 
ash contents being left behind. The other would be flu* addition 
to the fuel of some electrolyte—should tills be pr<actically feasible - 
for the purpose of causing tlic coagulation and precipitation of the 
colloid iiK^ral particles. 


X.—SUMMARY. 

1. In studying a mineral deposit it Is desinible not only to take 
average samjiles, but also to choose carefwlh' hnnd-spt'cimena re¬ 
presenting the various mineral typos ])res('nt and thi-.n to subject 
those spoeimens to the test of assay or ehemif*:il .analysis conducted 
on fiicces of which the specific gravity has been dcbTinined. 

2. Sueli work on specimens derived from th<' coal seams of Koro.a 
State, C. P., in 1913 led to the dis(;overy of a dclinite empirical 
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relationship between the ash contents and density of a coal. Taking 
(ho specific gravity or density of pure ash-free Korea coal (bright 
coal) as 1*29 (^), the ash contents («) of other Korea coals of den¬ 
sity g was found to be very closely, with one exception, governed 
by the empirical straight-line rule 

a = 100 {g~h). 

3. Such a rule, if of general application, would obviously be 
of the first importance to the prospector, as by determining the 
specific gravity of representative specimens of coal with a Walker’s 
balance in the field he could determine roughly the ash contents 
of each type and therefore of any seam, and thus decide in the Held 
whether a seam was worth proper sampling for analysis. 

4. In the course of an investigation of the Bokaro coalfield 
during lOlC and 1917 the rule discovered in Korea was tested further 
by the selection and analysis of a much larger series of picked spe¬ 
cimens, carbonaceous shales as well as coals being taken into the 
investigation. 

5. The results given in table 2 show that in most cases this em¬ 
pirical rule applies to coals containing up to .50 per cent, of ash, 
the fundamental specific gravity const,ant (/,) being in this case; 
1*26 instead of 1*28, the constant finally adopted for Korea. All 
the specimens from both fields come from the Barakar series. 

6. The results are plotted in Plate 26, from which it is seen that 
in carbonaceous shales (that is those carbonaceous substances with 
over 50 per cent, of ash) the empirical rule no longer applies, the 
specific gravity of the carbonaceous shale being increasingly in 
excess of that indicated by the rule (which corresponds to a straight 
line as indicated in the diagram). 

7. Discussing for the present only coals (carbonaceous substan¬ 
ces with not greater than 60 per cent, of ash), we find that in certain 
(^ascs the coals have a specific gravity seriously above or below 
those indicated by the empirical rule. These deviations arc indi¬ 
cated by plus and minus signs (tables 1, 2, and 4). 

8. The plus and minus coals arc represented in the diagram 
in Plate 26 by spots respectively above and below the curve. 

9. The plus coals are found in the one case studied to owe their 
high density to ash abnormally rich in oxide of iron, and therefore 
presumably of abnormally high density (see page 325). 

10. The zero or normal coals, which are those agreeing with 
the empirical curve (a straight line), have, nevertheless, a higher 
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density than figures obtained by calculation of the specific gravity 
of mechanical mixtures of pure coal and pure shale. This fact 
is taken as indicating some form of chemical or physical combina¬ 
tion with decrease of volume between the organic and inorganic 
matter in coals with ash contents up to 45 per cent, of ash (see p. 333 
and Plate 27). , 

11. The minus coals are ones with a density less than that re¬ 
quired by the empirical rule. In one ctise the low figure (—13) 
was not confirmed on repetition of the work. But the figure of 
—7 for one Korea coal has been confirmed, and this coal, with two 
Bokaro coals showing deviatioiLs of -- 2 and — 5, may be examples 
of coals in which this intimate association between organic and in¬ 
organic matter does not exist, so that the specific gravity conforms 
to that indicated by calculation for mechanical admixture. (Sec 
table 4). 

12. With ash in excess of 60 per cent, (carbonaceous shales) 
the empirical straight-line rule is no longer followed, and instead 
it is found that the density-ash curve is closely that for mechanical 
mixtures of coal of density 1-20 and shale of density 3*00 (See table 4). 

13. This curve crosses the straight line representing our empi¬ 
rical rule at 45 ])er cent, of ash. With ash below 45 per cent, only 
minus cojils follow the calculated curvT, most coals then following 
the straight-line law (zero or normal coals); consequently the space 
between the two curves indicates condensation of volume due pre¬ 
sumably to some form of chemical or physical association of the 
coal with its ash contents. 

14. Our carbonaceous substances are thus roughly divisible int(' 
(1) coals with not greater than 60 per cent, of ash and in which the 
.‘isli, if not greater than 45 per cent., is at least partly in chemical 
or physical association with the carbonaceous contents, and (2) 
carbonaceous shales with greater th n 50 per cent, of ash in which 
the organic and inorganic matter behave as if in mechanical admix¬ 
ture. 

15. The macroscopically homogeneous substances making up the 
majority of the Bokaro and Korea coals arc three in number (see 
p. 341), namely the fimdamental colloidal substance or bright coal 
(vitrain), greasy-lustred dull coal (durain), and m.c. shale (micaceous 
carbonaceous shale). ‘ Mother-of-coal ’ (fusain) is seen sometimes in 
films. The dull greasy-lustred coal carries 33 to 39 per cent, of 
ash and has a density of 1*61 to X*65. It may be expected to carry 



35G 


Records of ike Geological Survey of India. [ Vol. LX. 


;i portion of its mineral matter in a state of chemical or physical 
ssoeiation with the or"anie matter. 

10. An analysis of the data, takinp; account of botli the actual 
inacroseopically visible characteristics of the coals aiul of their 
speeihe. gravity deviations, shows tliat our Bokaro specimens can be 
arranged into two scries : 

A^h coiiir'iitH, SjXMilic univity. J ^r^vinlionw. 

Per c('nt. 

r. V^itr.iifi-rlurni?!soiK'f-(I'ri.i'lit, 2*,‘{I 1*28 J'iJf) 

Hilky, .-ind dull cohIh). 

II. Vil rain-( ar))()M.’U’('niKs aliitlo 27'UI to SI)’11 I’19 2'/5K — 5 to {-45 

senoH. 

(Shaly coaly aiul car- 

honncooiLs sIli1(‘.s). 

17. Tlie Korea s)>e(-itnens all belong to the vitrain-durain seri<;s 
with ash consults ranging from 0T)I to .‘M’9(3 arul specific; gravity 
from l-:^0 to 1-01. 

18. A consideration of the data given in table 2 and Plate 26 leads 
one to suggest that tin* most useful commercial classihc/ation of 
the Bokaro coals would be as follows :— 

I)cSi;rii)ti\« iianios. 

Bright coaU ...... 

Silky coah usually with bright banda 

Biin<h(l silky oral shaly coals. Alse gra¬ 
nular coal. 

Dull (silky to greasy-Justrod) coals : shaly 
coals. 

Coaly shales and carbonaoeous shales 
M.c. shales (micaceous carbonaceous shales) 

This classification also applies to the Korea coals. 

19. If one treats these coals as disperse systems, consideration 
of the density-ash relationship.s discussed in sections Til and IV 
shows that the vitrtiin-durain scries can bo treated as a scries of 
suspensoid colloid* systems in which the vitrain acts as the dispersion 


Com n)orcial clu-sailication. 


A First ami .socoud-class 
I > fOals : dividing point 
J 15 jicr ofMit. of ash. 


Third-class coals. 


Fourth-dasa coals. 


t’oaly and carhonaccous 
shales. 


Ash ooutoM(.i. 

Pit cent. 

0 5 

5-22 

22 -n . 

:3a 50 

50 0.5 
05 -S8 
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modium, and tlic ash contents as the disperse phase (suspensoid) 
with the vegetable detritus contained in the durain as a second 
disperse phase (coarse suspension). 

20. Similarly, consideration of the fact that in a scries of analyses 
of vitrain from various localities the specific gravity increases with 
the moisture enables one to deduce that vitrain itself is an colloid 
system (emiilsoid or g<jl) in which the moisture-free vitrain and the 
moisture may be r('garded as separate jhascs. 

21, On tile basis of tlie data collceXed in tliis p.nier and the 
interpretation of coals as colloids, it is possible to oiler suggestions on 
certain practical aspects :— 

1. Prospecting, 

2. Coal-wasliing and flotation. 

3. Coking. 

4. Production of licpiid find from coal. 

ibderence to jiro.specting is made in paragrapli 3 above. We need 
lefer here only to coking, by mentioning that the vitiains and durains 
lowi!r in moisture arc caking and tliose higher in moisture arc 
non-caking. 


LIST OF PLA I KS. 

I’cAlT, 20.-—Diagiaiu eliowinu; afieciile giavily and usli conU-ntw of (o;ifa and 
bliat'ri from Ivoica and Uokart). 

PlATK 27,” Diajrrain .showing dfnsity-anli curves {<»r hotli 011011110111 or pliy-sical 
associations (oulloid sysU'ius) and mechanical mixtures of coal and 
shale from Bokaro. 
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Note on a Contact of Basalt with a Coal-seam 
IN THE Isle of Skye, Scotland : Compakison with 
Indian examples. By L. Leigh Fermor, O.B.E., 
D.Sc., A.K.S.Mm F.G.S., OffMaUn^ Director, Geological 
Survey of hidia. 


I N the summer ul‘ 1914 1 enjoyed the privilege and good fortune 
of spending several weeks in Skye in the company of Dr. A. 
llarker. Amongst many interesting sections visited one was oi 
sjiecial interest. 

Jn the cliff a little south of Dtiiian Earr an Sgiiirr, between Loch 
Drittle and Loch Eynort, the little ravine of Allt (feodh’ a’ Ghamhna 
shows a section of some 30 feet of conglomerates and tuffs with 
coal seams, intercalated in the succession of Tertiary basaltic lava 
Hows of Sky(‘, and analogous in position to the Intintrappean beds 
of the Deccan Traj) lavas of iiulia. Details of this section are given 
on page 26 of Marker’s Tertiary lyticous Hocks of Skye, and may be 
a bstracted as follows :— 


iia.saJtic Juvutj, with bilk, ubove. 
Coul'beaia 

Tua .... 


0—3 in. 
1 ft. 


Cuiil-Benin ......... 0—3 in. 

Congluincrntc ......... 0—7 ft. 

Tuff with impure couJ-&enui (0 to 8 iiuLcb) in lower part . 5—7 ft. 
Conglonicralo ......... 5—0 ft. 

Tuft.21—3 ft. 

Conglonicralo ........ about 9 ft. 

JBitBultic lavas, with sills, below. 


The conglomerates all possess a tuff matrix. 

My interest was aroused by the fact that although tlie lava was 
rt'sting directly on the uppermost seam of coal there was no visible 
dillerence between this coal and that of the lower seams, except 
in a very thin surface layer, not more than 0*5 mm. thick, of the 
uppermost seam. 

Owing to denudation the details of the section have, of course, 
changed somewhat since Dr. Marker’s previous visit some years 
before. Confining myself to the upper parts of the section I found 
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that at the point examined the lower of the two upper seams noted 
above was about J inch thick and rested directly on the conglo- 
luerato, following the curves of the pebbles. It was overlain by 3 
to 4 inches of sandy tuff containing carbonised plant remains 
followed by two more thin coal seams, each to ^ inch thick and 
separated by 1 to 2 inches of tuff tending to be shaly: these two 
scams and the tuff together correspond to the uppermost coal- 
seam of Dr. Barker’s section. The \ipper of these two coal seams 
was overlain by vesicular and amygdaloidal earthy basalt resting 
on it in immediate contact. I collected specimens of these two 
n})per coal seams and these have been analysed in the laboratory 
of the Geological Sui'vey of India by Mahadeo Ram, with the results 
shown in columns A and B below. It will be seen at once that the 
upper coal seam (28/826) is practically identical in composition with 
the coal seam (28/827) 2 inches below, from which it seems evident 
that the lava has luoduced no appreciable effect on the upper coal 
and therefore cannot have been very hot by the time it came in 
actual contact with the coal or the vegetable matter from which 
the coal has been formed. 



V 1 

D 

(J 

D 

n 

— 

TiOWir 
coal beam 
(2.S 81:7) 
Picked 
iiiaterkl. 

Upiurinost 
voi\\ seam 
(28 826) 
ricked 
iiiatei'ial. 

(.rust 

Irani 

28.820. 

liesiduG per 
100 grains 
of coal 
flSHumliig 
MBh 

i in obauging 
iruin D to U. 

PLTceiitage 

Joss. 

Moisture 

IMl 

11-72 

10-71 

7-03 

40-02 

VolatiUj nuttier 

30-S[» 

31 2j 

4;V20 

10-03 


Fixed carbon 



28-47 

11-90 

77*37 

.... 

4 21 

4-ur. 

9-(>2 

4-06 

ft ft 

Coklug propertiea . 

Does not Gike 

Docs not wtko 

Docs not cake 

« ft 

ft ft 

Colour of iisli 

Liglit brow n 

brown 

Liylit grey 

! 

ft ft 

^pedlic gravity 

1-31:> 

1*350 

ft m 

ft V 

• ft 


lilach of these coals is a jointetl pitchy-liistrcd coal .of lignitic 
aspect with conchoidal fracture; but the actual surface of the 
upper seam (28/826) has a somewhat ‘ sintered * aspect, which is 
seen through a lens to be due to minute polygonal jointing at right 
anules to the surface of the coal: this layer is about 0*6 mm. thick* 
Some of this altered coal was scraped off and analysed, with the 
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result sliowji in column C of the table. It was impossible to be 
fiubiiiii that the material so obtaiiietl was free from poi*tions of the 
uiulerlyliig unaltered coal; (consequently this analysis must be 
taken as an cxjjricssion of the change; produced by the lava at its 
contact with tin; coal rather than as a full niciisure of the change. 
It shows apparently a marked increase in ash, volatile matter, and 
moistiin‘, and a deeacase. in fixed carbon. But if wo assume that 
the ([uantity of ash in the coal undergoing modification has rtmiaincd 
a (constant, tliou it is evident that 2’3b) parts of coal have yielded 
1 part of altered coal, with the percentage losses shown in column hi, 
from which it is interesting to note that the percentage loss of 
Jixed carbon has been nearly twice as great as that of volatile mattei 
and moisture. 

It is int(;resting to contrast this case with the (iontact meta- 
morphic elfec-ts produced by basic dykes intruded into coal scams. In 
the case of the mica-u})atitc-peridotite dykes of the Giridili coal- 
lield, India,^ a l-ft. dyke has produceil a coked zone in the coal 
3^- ft. wide, with a resultant great itun’ease in the proportion of 
fixed carbon to volatile matter. iSiniilarly a ‘ white trap ’ dyke 
(originally basalt) 1 to 4 f(*et thick, intruded into a coal seam in 
the Barkui colliery, Bench Valh'y coalfield, Imlia,- has altered the 
coal to a distance of 12 inches from the contact. As the Bench 
Valley coal is a non-coking coal according to r. B j ^ the amount 
of coking effected at the contact was very small, but the altered 
coal showed a considerable iucrtsise in the lixetl carbon relative 
to volatile matter. 

It is thus setiu that the elfect of the lava of Skye on the ratio 
of fixed carbon to volatile matter is the reverse of that of the basic 
dykes on scams of completely-formed coal. No obvious explan¬ 
ation of this dilferencc olfcrs itself. 

But it seems £)0ssiblc to explain why the Skye lava has made 
its presence felt only for a fraction of a millimetre, whilst the dykes 
referred to almve have altered the coal to a distaiice of 1 to 4 feet 
from the contact. In the latter case the molten lava occupying 
the fissure must have been very hot, have (jome into immediate 
contact with dry or relatively dry material, and have cooled more 
slowly than a surface lava. On the other hand it is evident that 

‘T. 11. Holland L W. SaiHo, llec. (hoi. Surv. hid., XXVlll, pij. 132--5, (1896). 

»C!. S. Fo.x, line. G. iS'. 1., XLIV, pp. 123 -13(>, (1914). 

* But aoo M«m, 0, 8. 1., p. 186. 
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the lava of Skye must have been relatively cool by the time it came 
in contact with the vegetable matter tliat is now coal. But the 
ordinary temperature of basaltic lava in the molten condition may 
be taken as approximately lOOO^C.^: consequently it is of interest 
to enquire how the vegetable matter that is now coal escaped alter¬ 
ation except in its topmost film. The answer is seen in the physical 
character of the lava. It is now an earthy vesicular rock with the 
vesicles occupied by calcite and a chloritic substance. Vesicular 
structure at the base of a lava flow may be explained in two ways. 
Ihe surface of a flow cooling in contact with the air assumes a 
vesicular character due to the expansion of dissolved or entangled 
gases under atmospheric pressure. During the flow of the lava 
portions of the vesicular surface may be rolled underneath the flow 
at the advancing front. This, how'ever, could not happen in the 
case of a very fluid, rapidly flowing lava, so that the ba.se of a basaltic 
lava flow should sometimes be non-vesicular, as, judging from the 
Indian Deccan Trap flows, seems often to be the case. If, however, 
th(5 lava should flow' into a shallow body of water, such as a fresh¬ 
water pool or lagoon, it must to a large extent displace the water. 
Any water that becomes imprisoned below the flow must be vapo¬ 
rised and penetrate into the base of the lava and render it vesicular. 
This water must also act in ajiother way : in tlu', form of steam it 
mu,st act as a cushion and pi event the hot lava from coming at (iice 
into contact with th(} bottom of the po >1, ^:o that a layer of vegetable 
maitcr l}ing there would l.c piotccte;! f.om the lava by vapou’’ until 
(he iiva had become too cool to have mucli (Ihct on this vegetable 

maitcr. There would also be a great ab^traclion ol boat from the 

lava in the process of heating and vaporising Ihe water, and this 
would cause a more rapid freezing of the base of the flow than if 
the lava were flowing over dry laud. 

The foregoing seems to explain in a reasonable manner why 
only the actual upper surface of tin; vegetable matter in our Skye 

case was aftected by the lava. The constitution of the vegetable 

mattet before the advent of the overlying lava is diflicult to deduce, 
but if the change in the surface of Iho u])|»er seam is really a foim of 
coking it looks as if this vegelahle matter m\jst already have been 
somewhat compacted and on the way to coal before the lava was 
erupted. 


’ JJarker: ‘ ^NaUu-al History of fgnpous HocU.spp. ISO—C. 
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yijinlai ('ny(‘s of aotual (.ontact of a lava flow with coaly niiittof 
liav(5 been do,scribed by Sir A. Geilcie’ from both Skye and Oiiniui in 
the Western Isles of v^cotland, and in only one case ia it noted that 
the hiva has had a contact effect on the vegetable matter. This is at 
Ciil nam Marbh, C'annn, where a coniferous tree stump, a]»[>a.rently 
growing tn i-dla, bus heen charred {l.c., p. 362); it is conceivable 
that this stump was projecting above the water in which the asso^ 
ciuted vegetable matt(*f was dej>o.sited, so that it came in immediate 
contact with the hot lava. 

•'’e'. ./. (/. 6'., LIJ, pp. 341, 3S'J, tiiid 302, (ISDO). 
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TUI: BaiMKAR-IkONSTONH BOUNDARY NEAR BEGUNIA, 
Raniganj Coal-Field. By Cyril S. Fox, D.Sc., 
M.I.Min. F., F.G.S., Officiating Superintendenty Gcolo 
gical Survey of India (With Plates 28 and 29.) 


r(‘-Rijrv»'y of the. RanigiUij coal-lioid now in progress has 
* sliowji that, tlie junction betwoen the Barakars and tho 
overlying Ironstone Shales is noriii.'dly a con formal >]e one. It is 
at a higher g('ologi(.al horizon than is suggested h)' its position, 
north of the. Grand 'i’rnnk load at Begunia, on Blanford’s map. 
This junction really h»I!«>ws a lino iti a W.'S.W. direution Irom north 
of Kulti and south of Ijcgunia to the Baraka,r river. It is a faulted 
honndary. The shales shoun iti the sl'ctch of the Jain tcin})le section 
hy \V. T. Blanford ^ are carlionactHuis, but they do not contain 
ironstone, and for lids reason should be included in the Barakars. 
Furthermore these shales arc ovanlaiji l)y the pebbly sandstone^ 
of a Barakar fa,cics, which forma the ridge on wdiich Begutiia ia 
situated, it has, however, been dilHeult to exjdaiii the apparent 
remarkable iinconforniiiv to which Blanford drew attention. 

WJuh> working on tiu' .same geological horizon, ?.c,, above 

the Cliaui-h .<cam, which is tlje wcstAViiid conliiuuition of the Bc'gunia 
S(‘am, iji the Khiidia nuUf near (nianch, I discovered an expo.sure 
sln)\ving the fine.'^t ( Numplc of false- or euirent-bedded sandstone 
that I l»ave se(n). 'Flu' r('al di])s ol (his ‘sandstone are to the south¬ 
east. while the ])laiu‘s of current bedding dip noithward. (Plate J •). 
It immediately occurred to me that, as this sandstone was 
almost certainly the same as that on wdiich the Jain temph*s 
at Begunia stand, the northerly dij).s, which ure so evident in the 
sandstones between Begunia and Barakar, might really bo the 
dip of planes due to current bedding. (Plate 2', tig. 2.) On care¬ 
ful examination, particularly of a small (piarry, whicli was not open 
in Bliinford’s day, just north of tJje Grand Trunk 'oad and east 
of the road to Barakar station, 1 fouiul that the planes of apparent 
bedding do not continue to the surface of the sandstone. Tliis 
tlicy^ should do if the surface of the sandstone was a weathered 
amt eroded unconformity. The low southerly dip is the true dip of 


E 2 


* Mon. (Icol. t)urv. lad.. Ill Art. 1, (1865), p. 42. 
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tJu'.se sandstoiK's. Jt agrc(*« wiih tlicf dip slope of the sandstones 
at the Jain temple exposure;, as well as with tlic southerly dip seen 
in the Cihanch (Khudia) sedion. The iiojth<‘rly dips in the (piarry 
ai’c undoubtedly those of the' plajies of false-bedding. This will be 
seen from a scrutiny of Plate 2S, lig. 2. In sliort there is no ‘ roll ’ 
of the b('ds, and (certainly no unconformity. The ex})Osures in 
that ar(*a (jonvey a wrong impression to the miiid if the in(;aning 
of the details in the <pia.rry section is not gra.s])od. Without the 
(Hiarry section, which was not open in lllanford’s time, it would 
be (piite inij)ossible to arrive at any other conclusion than that of 
IJIanford. A true, explanation of the observed fads is shown in 
tl'e accompanying sketch section. 


Fiei'!!!■: I. 



K\i'OS('i:i ^ Soi TM et 

l>AI!.VK Al!, 
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'I'lu' f-U-'t.' l).-ijiiiii£r pl.iiu'M. 
0., .'■liaip. Uo tiol 

luiv «}|it tu tilt) trill) <(i|> 
hll'flC .it 


Skctkix at Jain 

liliCUNIA. 
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<iiil> lu cn Hfcn. T^io fa.I«c 
lit- liliiM' IniH imt lu'i'u ri*- 
(111 till) dirty pool 
btlow the tuniplo. 


LIST OF PLATES. 

Vlate 28. Fit}. 2.--~lt;vr,!,k;ii hiind.^-loncu in it, ijiiarry. It tpijiia, niiar Baraka r railway 

s(;i( jOji, 

Plate 29,- -FalHo-budikxl larakur at Chaiich, itaniganj coaliiold. 
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Thb Raniganj-Panchkt Boundarv nbar Asansoi,, 
Raniganj Coal Fihld. By Cyru. S. Fox, D.Sc, 
MJ.MiN.E., F.GSm OfficiaUn}( Sii-permtmient, 
Geological Survey of India- (With Plates 28 and 30.) 

I N his survey of the Uanif^anj coalfield VV. T. Blanford {Mem. 

Gvol. ISuYV. Ind., Ill, pp. 12(1-131) j^ives a short clear 
description of the J'aiicliets and slates (]\ 127) that there is a slight 
unconformity between the Paiich(‘t and the uinbjrlyiiig Raniganj 
stage. He does not, however, mention the fossil-Avood horizon in 
which the fossil tree was found near Asansol. The re.-survey of 
the Raniganj coalfield has now proceeded far eTiongh for a definite 
opinion to be given with regard to the exact boundary between the 
Raniganj stage and tlie overlying Panehet beds. 

Mr. Sethu Rama Hau, Assistant Superintendent, (Geological Sur¬ 
vey of India, working south of the Damuda river, has found a well- 
marked fossil-wood sandstone almost at the top of the Raniganj 
stage. Mr. A. K. Ilanerji, Assistant Superintendent, (Geological 
Survey of India, working from the .Djuniida liver north-eastwards 
by Patniohua and Hirapur to the Kumarpur railway cutting on 
the lOast Indian Railway two mil(*s Avest ot Asansol, has traced the 
same fossil-wood horizon to this j)lace, and finds that this horizon 
must be included in the Raniganj stage and not in the Panehet 
stage. T have seen the chief sections on which Mr. Banerji bases 
his opinions and agree with him that there is a slight but local 
unconformity (Plate; 28, fig. 1) bctw'ceu the undoubted Panehet beds 
and the underlying strata in which the fossil wood samlstonc occurs. 
This fossil-wood sandstone is of considorablo value as a strati- 
graphical horizon, as it can be followed across the whole of the 
western part of the Raniganj coalfield. 

The fossil tree erected in the Indian Museum comes from the fossil- 
wood sandstone exposed in the Kumarpur railway cutting west of 
Asansol. This tree, according to Professor B. Sahni, belongs to 
‘ the Cordaitales, one of the most important groups of Palaeozoic 
Gymnosperms.’ Details of the discovery are given in the Records, 
Geologiml Survey of India, LVIIT, pt. 1, 1925, pp. 75-79. In 
this account it was stated that the sandstone in whicli the silicified 
tree trunks were found belongs to the Panehet beds. The reasons 
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for this opinion arc not stated. J found another silioified treo 
trunk m the same cultuit; in Oedobor ]925 (Plate 30, fijx. 2). This 
was extracted and ])rought to (.^ilcutlu ljut has not yet beeii inoiiiited. 
It was nearly 50 feet long as it lay wlien fully exposed. Professor 
Sahni, considered that 1h(‘ first treo belonged to the genus Dadojf/Ion 
and showed well-marked growth rings (Plate 3“'. fg. 1). lie gave no 
.lame for the species. He. however, drew attention to the fact 
that it was very similar to two speeie.s -namely D. indiemo, Holden, 
from Deogarh, and D. hcngaJcnse, Hokh-ii—from Pralmiaiibarari 
in the Jharia coalfield. Poth these species were from the B.arakar 
stage of the Hainnda scries (Jjower (TOiidwanas). Seeing that the xiahi- 
eontological evidence supports a P;da.f't>/,oic ratlu'r tlian a. M<'SO/.oie 
age T feel that an up])erinost Uaniganj aire rdher than a lowest 
l''anchet age must b<‘ ae<*epl,'d f(»r the fossil-wood s.uulstoui' and 
sugg(‘st th.at its oflieial desigmitiiei might be the Kiimarpiir (fos.;il- 
ivood) sandstone. 

This is the only fossil-wooil (silieilied) horizon known in th<' 
Lower Gondw.an.as. and should it be, al.so foimd lo occur in tlio 
eastern part of tlie ll.iniganj eoal-iield. will b(' ol great use; as 
n .stratigrapbii^al bori/on. 


LIST OF Pf.A l ES. 

Pr.\.TU 28^ Kio 1.—T\oK*liet-U inir.nnfunult V ill st loii.rri nf jir Jiinul ^ illdct*, 

l^aiu<ianj coiiUit M. 

F*LATK ‘W).—1.— (.U‘G fioHi Kuinai jdir i-iiltin'i; linir.vr (>f 

/jr»'LU'l!;lK 

2.—KoplI /ill'll ill KunurpHr jmiIwiyv ciiHinti;. 
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A Pkrmo-Carboniferous Marine Fauna from the 
Umaria Coal-field. By F. R. Cowpbr Reed,M.A., 
Sc. D., F.G.S. (With Plates 31 to 36.) 

INTRODUCTORY REMARKS. 

T he fossils described in this paper were collected from beds associated 
with those of undoubted Lower Gondwana age at Narsarha 
railway cutting, Umaria, Rewah State, Central India, in 1922, but 
the presence of marine fossils at this locality had bceji observed in 
the previous y(‘.ar. A brief note on their occurrence was published 
in the General Report of the Geological Survey for 1921but no 
precise determination of the specimens was given. In this report 
it was observed that the most abundant fossil was a species of 
Produrtffs which Mr. Tipper considered to be now to India; and 
tills shell forms practically the whole of the shell-band, 3 inches 
thi(;lv, whi<‘h contains most of the fossils. Another brachiopod 
attributed to Spiriferina was also mentioned, and it was regarded 
as “ close to and probably identical with Sp. rristata vnr. octoplicata** 
The shell-band is descuibed as resting on quartz-grits which pass up 
conformably through it into sandstones of Lower Barakar age. 

The description of these fossils, which were sent to mo for identi¬ 
fication in 1925, had been finished and the plates to illustrate them 
had liecu drawn when further material collected by Mr. E. R. Gee 
in 192(1, was submitted to me, necessitating a revision of my previous 
work and throwing further light on the sfratigraphical age of the 
beds. Tliese now fossils were found in the same locality on both 
sides of the Narsarha railway cutting two miles west of Umaria rail- 
v\ay station in four distinct bands, the lowest one I), (K 23•261) 
containing large numbers of small gasteropoda in a gritty clay; 
the next one, C, (K 23 263) lying 2 ^ feet higher and containing 
chiefly brachiopods, in red and olive-green clays associated with the 
Prodmtaa shell-band and about 8-9 inches below the succ(‘cding 
liorizon, B, (K 28*262) which is a yellow brown sandy clay 1 | inches 
thick. The highest horizon. A, (K 23*261) is an 8-1 neh band in 
the soft fine yellow sandstone of the basal Barakar series, and 
c.onfaius many specimens of Produclus, Pleurotomaria, etc. 


^ Kermor, Iter. Oeiff. Surv. Jnd., Vol. L1V% pt. 1, Aiupnl 1{)22, ijp. 14-10; Xalure, 
V‘»l. (*\, 1022, p. .'•.'50; VV'iuluv, ‘fJcolotry of India*, 2nd ndii., 1020, IjOtul<*n, p. IIS. 
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The great interest and importance of marine fossils occurring in 
the Gondwanas of Central India were recognised in 1921, and the 
determination of their aflinities as a guide to the stratigraphical 
horizon of the bods has therefore- demanded particularly detailed 
study. 

The material at first submittvid to me in 1925 consisted of masses 
and slabs of the shell-band mainly composed of more or less imperfect 
specimens of Produclus densely aggregated ; there were also a few 
loose specimens weathered out free from the matrix. Some of tbc 
slabs were in a rotten crumbling condition, the matrix being of a 
soft friable argillaceous nature and falling to pieces on exposure, so 
that the extraction of more than fragments of fossils was difficult. 
But it was from material of this character that the first specimens of 
the small Pleurotomana, Tthombopora and oatracods wore picked out. 

The harder masses of rock forming tlie shell-band do not consist 
of anything but aggloniei ated shells of Productus, mostly of one 
species, with here and there a crushed specimen of the small Pleu- 
rotomaria. On the softer pieces of rock other fossils also occur, and 
frequently they have their minute surface-ornamentation beauti¬ 
fully preserved. The specimens in this first collection, however, 
were in nearly every case fragmentary and very imperfect, so that 
it was difficult to arrive at any satisfactory conclusions. The new 
material collected subsefjuently by Mr. Gee is fortunately in a much 
better condition, and several lunv specie's not previously observed 
have been detected, Avhile it has been possible to define the charac¬ 
ters and ascertain the affinities of the others more precisely. A 
certain number of shells belonging to species of Produclus^ Spirifer, 
Reticularia and Ftsurotomaria occur loose and almost free from 
matrix, and some are in a good state of preservation. As above 
noticed, they occur in several distinct bands of rock which contain 
sligl tly different assemblages of fossils, but most of them are com¬ 
mon to all the horizons and no important difference in age can 
be established. 


DISTRIBUTION OF THE SPECIES. 

( First^ Collection), 

K 21*424 . , . Productus umariensis sp. nov. 

» „ var. spinifera. 

„ rewahensis sp. nov. 

). „ var. coroides. 



Part 4.] 


Reed : Marine Fauna from Umaria, 


360 


Sj)irifer narmrhemis sp. nov. 

„ ,, var. imuciplicata. 

lieticuhiria harokarenais sp. nov. 
Orthotichia sp. 

K 21*425 . , . Ithombopora sp. 

Froductus umuriensis 8p. nov. 

Spirifer narsarhenais sp. nov. 

Aihyris aO. protea Abich. 

Fleiirotomaria U/n'inensis sp. nov. 
Cylherella ? sfj. 

Palaeocypris 
Jonesina ? sp. 

K 21*426 . , , Froductus umariensis sp. nov. 

K 22*972 . , , Fleurotomaria umariensis sp. nov. 

K 22*973 . , • Fleurotomaria utnariensis sp. nov. 

Dermal tubercles of fish, 

{Second Collection .) 

Horizon A (1C 23*261) Froductus rewnhensis var. coroules. 

Spirifrr narsar/iensis. 

Horizon 13 (K 23*202) Spirifer narsarhensis. 

„ ,, var. paucipHcata. 

Reticularia harahn'cnsis. 

,, ,, var, subplicata, 

eVinoid stem and joints. 

Dermal tubercles of lish. 

Horizon C (K 23*203) Froductus rewalimsis. 

,, umariensis. 

Horizon D (K 23*204) Froductus rewahensis. 

[~K 22*972, 933] Janeia aff. hiarmica (D (3 Veni.) 

Fleu rotomaria wn a Hen s is. 

Orinoid stems. 

Dermal tubercles of fish. 
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(K 23’2()5) (I'roni eatst side of railway cutting.) 
Product an ntna i'iensis. 

Spii ifer naraaThensia. 


COMPLETE LIST OF FOSSILS. 


CVinoidal stems and joints (K 23*262) (K 2.3*264). 

Hhomhoyora sp. (Iv 21*425). 

Prodvrtas nmariensis sp. nov. (K 21*424), (K 21*425) (K 21*426). 
„ var. spinifera (K 21*424). 

,, rewahensis sp. nov. (K 21*424) (K 23*263) (K 23*261). 

,, ,, var. coroides (K 21*424) (K 23*261). 

Spirifrr narsarhensis sp. nov. (K 21*424) (K 21*425) (K 23*262). 

,, „ var. pitaciplicaUi (K 21*424) (K 23*262). 

Rcficulana harahrrenffis sp. nov. (I\ 21*424) (Iv 21*425) (K 23*262). 

,, ,, var. auhplicoUi (K 23*262). 

Athyris aff. protca Abich (K 21*425). 

Oilhotichia ? sp. (I\ 21*421). 

Jancia aif. hiarmica (De Vern.) (K 23*264). 

PIrurotomaria nmariensis sp. nov. (K 21*425) (K 22*672). 

(K 22*673) (K 23*261). 

Jonesina ? sp. (K 21*425). 

(hjthcreUa ? sp. (Iv 21*425). 

Palaeocypris sp. (K 21*425). 

Permal'tubercles of lisli (K 22*97;*>) (K 23*262) (K 23*264). 


DESCRIPTION OF I HE FOSSILS. 

Crinoidal stem and joints. 

PI. 36, figs. 15, 15a. 

There is one portion of the stem of a crinoid (K 23*262) of a 
regular cylindrical shape measuring 6*5 mm. in hmgth and 4 mm. 
in diameter and consisting of six joints of rather unequal thickness. 
3 'he periphery of each joint is gently convex and smooth; the 
articulating face has an outer marginal ring of about 32 short coarse 
ra<lial ridges extending inwards for about one-fifth to one-fourth 
of the «fiameter ; the rest of the articulating surface is smooth and 
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somewliat deprosKod, with a larg(‘ contra! circular canal nearly one-fifth 
of the whole dijinieter. Isolated stem-joints of a similar character 
and size occni* in the collection from the same horizon B (K 23'262) 
a.s.soeiat«'<l with irowds of riwrotomaria umariensis, and the sam * 
oicnr on horizon D (K 23*20'!). 


Tihowhofora sp. 

PI. 34, fig. 17. 

One small fragment of a slender rod-like cylindrical bryozoan 
measiirinc; about 2 mm. in hmgth and less than 1 mm. in diameter 
has recogjiised amongst the criimbling fragments off a large 

])i<‘<(‘ of lock (K 2112r)). The specimen may be referred to the 
gen as Ffiombopora and sliows on the semi-circumference (*xj)osed a 
few (I or 5) rather irregular longitudinal rows of alternating large 
oval (t'lhapcrtnrcs of equal size separated by latber thi(;k roimded 
iuierapeitupal ridges widening below the apertures and bearing a. 
f(‘w small spinose tubercles somewhat iiTcgularly distributed, but 
usually tluu'e seems to be one below each aperture. 

This zoariuju resembles lihotnhopora nicklesi Ulrich ^ from the 
Low(t Coal measures of Illinois rather than Rhahdmneson rhoinhi- 
fennn (Phill.)" with which Ulrich (compares this American species. 
Loezy ^ has figured a specimen from Teng-tjan-tschiug as lihah- 
dotnvsioi ef. ritombifrrum which appears to possess most of the charui*- 
teis of our specimen, tliough he says that the edges of the cells are 
.sharp and smooth. Rhomb, Worfherii Ulrich^ from the Lower Car¬ 
boniferous of America, Rhomb. Icpidodendraides Meek, and Rhomb, 
biffcmmis Keys, arc otlier allied species. Rh. tenuis Hindc •'* from tin* 
VVVst Australian Carboniferous may also be compared. 

Prodwtus umari,crisis sp. nov. 

1*1. 31, figs. 1-6. 

PI. 32, figs. 4-S. 


* Ulrich, Oeol. S»rr. Illinois, VIII, ]890, p. 601, pi. LXX, figs. 1, lo-c. 

* Oeol. Yorkshire, pi. 1, (igs. 34, S.*). 

* Loc7,v, Beschr. Pal.eont. Stralig. liesult., Keiso Bola Szochonyi in 0.<»t.aflicn, 
ISOS, p, oL t. Ill, fig. 22. 

* Ulrich. Jovrn. Cimte. Soe. NtU. JJul., Vol. TV, 1884, p. 32, pi. 1, figs. 4, 4a, l>. 

® Hindc. Oeol. Mag., Hoc. 3, V'^ol. Ill, 1800, p. 203, jd. VIIlA, ]»p. 4, Ta. 
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Shell transversely semielliptical to subquarlratc, wider than long ; 
hinge-line long, straight, equal to or slightly less than maximum 
width of shell ; eanlinal angles snbrectangnlar to slightly obtuse, 
not produeed ; valves elosely approssod. Pedicle-valve gently eon- ^ 
vox. not inflated, horizontally extended in cardinal region, but 
arched down slightly at sides and in front; body feebly convex, 
sometimes rather flattened in middle, sloping down gradually to 
depressed triangular horizontal ears which are occasionally slightly 
arched along the hinge-line and upturned at the cardinal angles, 
but are not sharjdy marked off from the body; hinge-line with 
more or leas developed thickened band along its edge forming 
a narrow smooth false hinge-area set at right angles to the plane 
of the valve and usually bearing inside its edge 1-3 stout, 
short, straight, hollow spines, obliquely directed outwards 

and upwards; beak low, broad, obtuse, rounded, very slightly 
incurved or elevated, scarcely or not at all beyond 

hinge-line. 

Surface of pedicle-valve covered with numerous fine rounded 
radial riblets usually straight and of eqtial size and thickness, 8-10 
occurring in a space of 5 mm. at a distance of 15 mm. from the 
beak, and increasing in number by intercalation at about one-third 
to one-half their length and occasionally again nearer the margin, 
but sometimes with a few riblets thi(!ker than the rest for all or 
part of their length or as far as the base of a spine wlu're they divide 
into 2-3 smaller riblets which rapidly become as thick as the others. 
Spine-bases on body very few and irregularly distributed, usually 
on the thicker riblets, sometimes more numerous in umbonal region 
than elsewhere. Intercostal grooves rounded, as wide or rather 
wider than riblets. Whole surface of shell covered with a close fine 
concentric striation, and having a finv inconspicuous low weak 
rouiuled rugae mostly developed on the oars and posterior slopes 
of the body. Interior of pedicle-valvo with large flabellate radially 
striated diductors weakly marked, extending fully half the length 
of the valve, having more deeply impressed x)Ostcrior stalks em¬ 
bracing a narrow adductor scar and bounded by coarsely i)itted 
ovarian areas on each side at base of ears. Brachial valve deeply 
con(;ave, closely appressed to opposite valve, with ears more clearly 
marked off from body and having a gentle independent convexity; 
surface covered with riblets similar to those on opposite valve, but 
usually increasing in number by bifurcation more than by inter- 
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calation. Interior with low median septum extending about half the 
length of the valve. 


Dimension fs 



1. 

JI. 

111. 

IV. 

V. 

VI. 


Width 


• 

37 

35 

40 

40 

43 

31 

mill 

Ix*ngth 

• 


28 

27 

27 

30 

31 

27 

mm 

Depth . 

• 

• 

10 

• • 

8 

12 

15 

13 

mill 


Remarks. —This species is by far the most abundant fossil in the 
shell-band, and it frecpicntly forms the bulk of the rock. Detached 
specimens free from matrix, though rarely perfect, also occur in 
the later collection made by Mr. Gee. The species vaiies slightly 
in the convexity of the j)e(liclc-valvc and in the degree of elevation 
and overhang of the beak, but the convexity is never strong nor 
the beak swollen, and the general flatness and horizontal extension 
of the valve without any marked anterior curvature downwards 
are characteristic features; the presence of occasional stronger 
riblc.ts and of scattered spine-bases on the surface are also tyj)ical. 

Its allinitics were at first thought to be with Pr. hemisphericus 
Sow.' of the Lower Carboniferous, and Krenkcl ^ has given a 
(igure of this spi^cies from the Tian-Slian which considerably re¬ 
sembles some of our shells. Davidson (op. cit.) regarded Pr. hemi- 
sphericus as merely a variety of Pr. yipanteus Mart., and depicted 
a large number of .small spines along the cardinal edge, to which 
feature Vaughan ^ also alludes. The latter author in noticing its 
close relations to Pr. cora (auett.) distinguishes it by th(} more 
gradual slope of the sides, the broader and less arched beak and the 
stronger cylindrical rolling of the wings, as well as by the more 
transverse shape of the shell. >Somc of the shells from the Cora 
and Schwag(uina horizons of the Urals attributed by Tschernyselunv* 
to Pr. cora bear a great resemblance to our species in tlu'ir general 
sJiape, slight convexity, small proj(!(;tioii of the beak, ihick(‘ned 
cardinal margin and supra-cardinal spines, but we may doubt if 
these Kussiaii shells belong to the same specie.s as the true South 
American Pr. cora D’Orb. The synonymy of this species is still a 

* l).ivi(lson, Moji. Bnt. (-arb. IJrach. (I’itbcout. iSijt,), Vol. If, p. 144, pi. XL, 
li<;. 4-U. 

® K«*akol, Ahk. buyer Ahtd. Wisa., Math. Thys. Kl., XXVJ, Abb. 8, j). 41, 

t. If, tig. 1. 

® V'aiighan, Quart. Juurn. Oeol. Soc., Vol. J00.J, ]>. 391, pi. XXV', fig. 0. 

* TschornyBcliow, Mem. Corn, tleol. Jtuss., Vol. XVf, No. 3, 1902, pp. 27U, 021. 
t. XXX111, tigfJ. 3, 3, t. XXXV, fig. 1, t. LIV, ligt4. 1-5. 
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iiitil t<;r of coiitrovfvsy Wc uiay also draw att('ntioii to the 
.similarity of the figure of a shell from the Oarhoniferoua of YuLvnaii 
attributed hy Manauy ^ to Pr. corn, wlule one from Cambodia® 
attributed by him to J*r. lincatus (whic-h is often ijioluded in Pf. 
corn) has the same kind of cars, riblets and c:ardinal spines u.s our 
species, but posses.ses a more inllated body and more overhanging 
beak. 

VV'ith regard to NoHh Ameriraii shells winch have been referretl 
to J*r. corn from various horizons in the (’arboTiift'rou.s or Jh*rmo- 
(.‘aj*bonif('rous, .some of them b(*ar a considerable resemblance to our 
Ibnaria shell, especially some of the shells iigiired by dirty'* from iJn^ 
Wbnvoka formation of Oklahoma as Pr. cora, for they Jjave th(' 
spiniferous riblets larger and more prominent than the rest. But 
we may particularly compare the shell figured by Hall and Clarke. 
as Pr. auriealatus Swallow, frofu the Coal Veasnres of Alissouri, 
which in shape, ribl>ing and cardinal spines a])j)(*ars to be cIo.s(*ly 
sifnilar. 'riie species termed Pr. ttiaynns Meek and Woithcii/’ 
from the Keokuk of Illinois, scorns also to have many features in 
common. 

Amongst Australian sheila referred to Pr. cora we may com])are 
tin* variety Jnrlcyeyms Bth. and i)un,^ from the Lower Ma7inc stag(i 
o£ Xew South Wales. 

But it seems inadvisab}(3 to include onr shells in the very varied 
asseml)lagc of forms referred to Pr. cora, and a new 3])ecific name, 
seems fully justiMed. 

It may be lu'iiticned that certain figured exanjples of Pr. 
{Maryinifera) vihinaa Diener ^ from the 7ewau Beds of Kashmir, 
lacking a median sinus, seem to resemble Pr. umariensis in shape 
and general characters, but the latter cannot be referred to this 
subgenus. 


^ Sitciue Hf.pt. 'I'ohiku Impcf. (fnir., Ser. 2, (Jcol., Vul. VJ, No. J, 1022, 

|ij». SO-93. 

* Miiunuy, Sen. Oci/f. huttj-Chine, Vol. 1, fa-sc. 2, 1912, p. 95, pi. XVII, 

lig. 9. 

3 Ibid, Vol. Ill, 1914, p. 18, pi. VJ, iiga. 2u-c. 

‘(July. Bull. 544, i', S, (Jeol, Burr., J915, x>. 08, jil. VIJ I, ligti. J, 5 (non b). 

® Hall and Clarko, PalaeotU. New York, Vol. VIII, Brach. 1, i892, pi. XVIIA, 
lig. 24. 

* Meek and Worthen, Oeul. Surv. llUtwiSt Ill, 1808, j>, 528, pi. XX, iig. 7. 

’ Kthci'idge and J)iin, Rec. (Jeol. Burv. N. B. Wale^, Vol. VIII, pt. 4, 1909, p. 302, 
pi. Xldl, liga. 9-11. 

* Diencr, Anthroo. Faunae Kashmir, etc., Pal. Indica, N. S. Vol. V, pt. 2, 1915, 
p. 79, pi. VllI, ligB, 10-12. 
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Produclus umaricndu vnr. spinifcni. 

PI. 33, lig«. 1-G. 

PI. 35, lig. 9. 

Shell tninsveryelv suhquaclrate; liingo-line equal lo or rather 
Jess than iiiaxitnuni width of shell. Body of pedicle-valve gently 
convex; beak rather small, not swollen, searooly incurved, very 
slightly j)rojccting behind; ears somewliat flattened, largo, not 
Hhar})ly marked off from body l)ut povssessing a cardinal curvature ; 
cardinal angles subvi'c.tang»dar or obtuse ; cardinal margin more or 
less thickened and bearing above its edge 2-3 larg(5 stout hollow 
spines directed outwards and batOewards nearly in phme of Vt'dve, 
with a few smaller spines on i)0.sterior slopes of nml)o. Surface of 
valve covered with regular sub-e(pial rounded ribl(‘,ts occasionally 
swelling up into hollow spine-bases which are usually arranged in 
an open ((uincunx order, 0-10 rihlets ajiart; each riblet beyond its 
spine-base divides into 2 or 3 smaller riblets which ultimately become 
as large as the. others. Oonci'iitric rugae strong on ears, but weakci- 
and narrower on body, meeting hinge-line at obtuse angle. 
Dimensions,-—Width 20-10 lum. 

Demarks.- This varic.'ty seems only si'parabh* from the typical 
Pr. umarirnsis by lli<' greater abundance and more ii'gular distribu¬ 
tion of spine-bases on the body. It is much like some sj)eeimcjis 
of Pr. cdiicrii'ii Kut. as ligured by XetscJiajew ’ from the I’ermiaji 
of Uussia., but it is not like ty})ieaJ examples of that species. A 
sh(*Jl from the Wevvoka Foiniation of (Ikialioma which flirty“ de¬ 
scribed and figured as “ an unusual form of Pr. corn ” bears also a 
considerable resemblance. Some of tin? shells attributed to Pr. 
eaucrinifoimis Tschern, by Diener ” from Chilichun and by 8011011 - 
wien * from the 'J’rogkofel sho\v many points of similarity, judging 
from t-he published figures. Pr. })eri< nais Meek, which (Jiity ^ says 
is intimately related to Pr. corn, is also apparently allied, and it 
is specially imuitioned by Tsehernyscliew ® and Dienor as much 
resembling Pr. cancriniforniis. Put the typical specimens of ib. 
cavci'mif&rmis are much narrower, more elongated and more swollen, 


* Nnladiajow, Mlhi. ('om. Utul. tins.',., N. S., Livr. 01, JOll, |t. lliS, t. JiJ, lijis. 2-5. 
- (Jirty, Hull. 614, H. H. Ofol. Hurt;., 1915, p. Oh, [il. \'U], Og. 0 (non 4, 5). 

“ Dienor, Ilimal. h'*m., VoJ. 1, pt. 3, {Pnl. iinlint ,Ser. XV), p. 25, pj. IV', lig. 0. 

* Sohellwion, .\b1\ k. k. genl. neirh'^anaf., XVI, lUOO, p. 43, t. 1X» ligs. 1-3. 

* CJirty. op. rit., p, 75, pi. VllI, fign. 3, 3n. 

* 7Bchcrnyscliew, Mem. Com. Geol. litMs., XVI, 1J02, ijp, 292, 629, t. Ill, llg. 5. 
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jiiul are quite unlike the Umaria shell. The American species Pr. 
j>raUenianus Norwood ^ which some authors ^ consider inseparable 
from Pr. cora, includes sonic shells ® which seem to bo identical in 
general characters with our Umaria form, but are quite distinct 
Irom the typical Pr. cora. The division of the riblets anterior to 
the base of the spines on the general surface of the shell is similar 
to that figur(;d and described by Weller in an allied American species 
nuintsd Pr. feniglcnensis Weller from the Kinderhook (Iroup of 
Illinois, and it seems to be rather a peculiar and characteristic 
feature. 

The increased number of spines on the body is the only 
feature by whicli we can satisfactorily sejiarate our variety from the 
typical Pr. umariensis, anti there are some transitional forms in 
the collection. It occurs in the shell-band and on horizons A, B and 
U. One specimen from horizon 0 (K 2^k2G3) which is here figured 
(PL 36, fig. 9) differs from the tyxiical spinifera by having an un¬ 
usually short hinge-line and a sub-circular rather than transverse 
outline to the shell, but in otlier respects it does not seem to show 
any features by which we can separate it. 


Produclas rcivahmsis sp. nov. 

Pi. 32, figs. 1, la. 

PL 35, figs. 1-7. 

Shell transversely sijl)qua(Irate to Rerai-elli]>tical, wider than long ; 
Jiingc-liiui equal to or rather greater than width of shell. Pedicle- 
valve convex, more or less inllated, rounded ; beak broad, obtuse, 
rounded, swollen, sojiiewhat overl)anging and projecting beyoncl 
hinge-line; ears rather large, triangular, rarely subacute and pro- 
jocting, depressed, but not sharply marked oil from the swollen 
body which rises with a marked indej^eiident convexity from them. 
Surfact! of valve covered with fine, regular equal or subcqual rounded 
thread-like non-spiniferoiis riblets increasing in number by inter¬ 
calation once or twice, and numbering about 16 in a space of 10 mm. 

* A’ormwxl, Jnurn. AcatL Not, Sc, I'lntud,, JIJ, JSi)4, j>. 17, lig, 10. 

2 .Sihu<4i<>it. HuV. 87 //. S, O\ol. tSuic,, JhU7, j». 822. 

® Mock, Fimtl Hept, tlcol, Sun', NtOrasko, 1872, p. 103, pi. 8, lign. 10a, b (non cet.). 

* Wollcr, Mon. 1, State Gcol. Surv. Illinois, lOld, p. 100, pi. lA, figs. 11-17. 
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at a distance of 10 mm. from the beak. Hinge-line occasionally 
thickened and furnished with 2-4 supramarginal spines. 


Dimetuione. 




I. 

n. 

III. 

IV. 

V. 

Length 

a 


ft 

27 

26 

26 

33 

28 mm 

Width 

• 


ft 

34 

34 

29 

44 

30 mm 

Depth . 

• 

ft 

% 

ft 

13 

13 

12 

15 

17 mm 


Remarks ,—This shell which occurs on all the horizons varies 
somewhat in its proportions, some specimens being wider than 
others. It appears to be allied to the Russian species Pr. Tschemy- 
schem Netsch.^, of Permian age, but differs chiefly in being less 
globose, shorter and more transverse, as well as in the ears being 
larger and rather more distinctly separated from the body and in 
the riblets being rather coarser. From Pr. umariensis it differs in 
the more inflated overhanging and broader beak, in the more con¬ 
vex and swollen body, in the greater regularity, larger number and 
smaller size of the riblets and in the absence of spines upon them. 
But it is sometimes difficult to separate the two local species, and for a 
long time there was hesitation in regarding them as specifically dis¬ 
tinct. Another Russian species Pr. planohemisphaerium Netsch. * 
has more enrolled ears, but otherwise seems to be allied, and Pr. 
htus Netsch.^ also shows many similar features. The shells from 
Chitichun which Diener ^ referred to Pr. lineatus Waag. bear a 
certain resemblance in general characters to our shell, and we may 
also note its similarity to the shell from the Zewan Beds of Kashmir 
which Diener ^ identified with Pr. waagenianus (Brty,® a North 
Anuirican Guadelupian species closely allied to Pr. emfuiris Girty,^ 
from the Upper Carboniferous of Iflaho. 

In the collection from band (K 23*264) at Umaria there is one 
interior of a brachial valve (PI. 35, fig. 0) showing an inner pair of 
short straight low very slightly divergent median jidges, and an 
outer pair of slightly arched strongly divergent rather longer and 
more elevated ridges bisecting the angle betweeji the hinge-line and 

^Notachajew, Mem. Com, Geol. Russ., N. S., Livi. til, 1911, p. 141 t. I, figs. 5, 7, 
t. II, figs. (Ml. 

*Jbid., p. 141, t. VI, fig. (i. 

> Ibid., p. 142, t. II, figs. 12, 13. 

♦Diener, Pal. Indica, Ser. XV, Vol. I, pt. 3, p. 14, j)!. IV, figs. 2-5. 

® Diener, Anthnvo. Fanna of Kashmir, eto., {Pal Indica, N & , Vol. V, Mem. 2, 
1915), p. 71, pi. VI, tigs. 18, 19, pi. VII, fig. (L 

• Girty, Prof. Paper 68, U. 8, Oeul. 8urv., 1908, p. ?53, pi. XII, figs. 6, 7. 

»Girty, Bull. 436, U. 8. Qeol. 8urv., 1910, p. 28, p). II figs. 3, 4. 
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tlic inner pair of ridges. A sharply curved narrower and lower 
brachial ridge of the usual type can be detected on the left side, 
but the corresponding one on the other side is not preserved. It 
is probable that this specimen belongs to Pr. rcimhensis rathei 
than to Pr. umariensis, for the valve is more deeply concave and 
more rounded and the beak is broader and irore obtuse and the 
ribbing finer than in the latter species. The internal cast of a 
pedicle-valve (PI. 35, fig. 7) from the same band D (K 23*264) shows 
the flabellate diductors subcentraily divergent and with rather long 
parallel posterior stalks between the bases of which lie the narrow 
conjoint adductor impressions. 


Productm reivaliensis var. coroidvs. 


PI. 32, ligs. 2, 2a, 3, 3a. 

PI. S.'), figs. 8, 8a. 

Shell .siil)(jua,(lrale in slia})c, as long us wide; hinge-line latlier 
less than maximum w'idth of shell; cardinal ut^gles not produeed. 
Pedicle-valve swollen, rounded, convex, arching down uniformly at 
front and sides; beak very broad, TOuinU'd, swollen, obtuse, over- 
hangifig hinge-line ; ears small, subtriangular, .slightly enrolled and 
pointed but ru)t j)rodneed, jiot llattem‘d. scimady marked off from' 
body ; hifige-line with 2-3 short blunt sub-marginal spines. Surface 
ornamented with numerous fine rouiuled radial e<piidistant noji- 
spinif(*rous riblcts of equal or subecpial size, increasing in number 
by intercalation and occasional bifurcation, 20-25 riblets oc(uirring 
in a spac.e of 10 mm. at a distance of 10 mm. from beak. Concentric 
growth-ridges few*, low, broad, inconspicuous or absent except in 
cars. 



• 

1 (n. lit^ s) 

11. 

:{S 

111. 

SU mill 

Width 

• 

:V2 

'M 

35 mm 

lioight 

ft 

• » Mm 

— 



Rcmarl's .—This variety, of which the best example is the speci¬ 
men figured on Plate 35, fig. 8, seems almost indistinguishable from 
some of those figured by Netschajew (op. cit.) as Pr. Tschernyschewi 
and differs from the typical Pr. reumhensis above described by its 
more subquadrate shape and relatively shorter hinge-line. Some 
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shells from the Pennsylvanian of Colorado which Girty * figures 
as Pr. cora bear a considerable resemblance, and Pr. allonemis 
Norw. and Pratt.* from the Lower Carboniferous of Illinois mav 
also bo compared. 


Sjnrifer narsarhensis sp. nov. 


variety 


PI. 33, figs. 7, 7a, 7b. 
PI. 36, figs. 1-4. 

PI. 33, figs. 8-10. 

PI. 36, fig. 5. 


Shell transversely semiolliptical to rounded subtriangular, with 
ciirdinal angles slightly rounded or obtuse and hiiige-linc slightly 
less than maximum width of shell. Pedicle-valve subtriangular. 
moderately convex; sinus rounded, usually shallow, well defined, 
continuous from bwik to anterior margin with narrow more or less 
flattened floor often occupied by a weak median riblet, and having 
its more or less flattened steep sides bordered by the first lateral 
ribs which may or may not divide unequally at about one-third to 
one-half their length, the smalh^r iniu*r half forming a weak narrow 
riblet on the side of the sinus; beak high, pointed, promuient, 
incurved, with cone.ave roundt*d uin})onaI shoulders; hinge-area 
high, concave, triungtdar, lying nearly in plane of valve or gently 
inclined to it, stiiated parallel to hinge.-line. Lateral lobes with 
6-8 strong prominent sharply rounded or subangular ribs on each 
side, successively decreasing in size and strength to (jardinal angles, 
some or most of them bifurcating imccjually near their distal extre¬ 
mities ; interspaces subangular or angular, as wide as ribs. Brachial 
valve rather more convex than opposite valve; beak much lower 
and smaller, and hinge-area much lower arnd narrower; surface of 
valve with suddenly elevated strong subquadrato median fold rather 
slowly widening anteriorly, flattened c'jnd groov(‘d along the middle 
of its narrowed top, and having a thin weak riblet (rarely two riblets) 
for most of its length on each lateral slope. Lateral lobes with 
6-7 ribs on each side similar to those' on opposite valve, some or 
all of them bifurcating near their distal ends. Surface of both 
valves covered with strong subequidistani imbricating concentric 


1 (jTirty, Prof. Paper 10, tJ. S. Cleal. Stiiv., p. 304, pi. IV, figs. ;{, 4. 

a Weller, op. cit., 1014, p. 124, pi. X, ligs. 14-24. 

F 2 
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lamellae crossed by a very <lelicate close radial striatioii. Interior 
without septa or dental plates. 

Dimemionn, 

Width (max.) ......... 21 mm. 

JjCri^tli ......... 17 Qim. 

Remarks .—There is one good complete specimen (PI. 33, figs. 7. 
7ji, 7b) of this .species in the lirst collection from TTmaria (K 21’425) 
eiul tlirec complete but poorly preserved specimens from horizon 15 
(K 2 3‘2b2) in the second collection, as well as many separate pedicle- 
valves, some of whi<h show the interior. There is a noticeabh; 
varijition in the development and number of bifurcaited ribs on the 
lateral lobes, some examples having nearly all the ribs simple, and 
the riblels in the sinus and in the fold also vary slightly in deve.loj)- 
ment and stnuiKth. The minute radial striation on tlu'. surfaci* is 
rarely visible, but the concentric lamellae are always conspicuous. 

The generic reference of this .shell has been a matt<‘r of .some 
doubt bec'ause of its resemblance in shape and ri})bing to certain 
species of Spiriferina in spite of the absence of an internal nu'dian 
S(;ptum in the pedicle-valve. The general characters at first led to 
its reference to Spiriferina, and it was provi.siona]ly considered to 
belong to Sp. octopllcafa Sow., fur in the occasional bifurcating 
l.ater.'il ribs it particularly resembles the variety biplir<tla l)av.^ of 
the British Lower Carboniferous and the Itussian Lower Permian." 
But the typical tSp. ocloplicata ^ has fewer lateral ribs and an angii- 
lated median fold. The typical form of the allied species Sp. perpli- 
caUi North ^ has also an angular fold, and there arc no bifiu'cated 
ribs on the lateral lobes nor any riblets in the sinus or on the sides 
of the fold. In the presence of th(j.se riblets we jnay note a resem¬ 
blance to Sp. camhodglensis Mansuy ® from the Penno-Carboniferous 
of Indo-Lkina, and the shape of thrr .shell and of its sinus and fold 
are closely similar, but in Mansuy’s sjrecieH all the ribs are simple, 
and usually fewer in number, and Colani “ has remarked that it 
appears to connect several species. It may be mcntioiKid that 
although Sp. cristata (Schloth.) (of which Sp. ocloplicata is often 

1 t)avi(I.Hon, Mon. lirit. Foss. Brack.. Vol. JI, Apj^iendix, !•. 220, j)!. JJJ, figs. 11-13. 

* Kr«*<ierikH, Rec. (Jcul. Covm. Russ. Far East, No. 28, 1924, p. 30, t. 1, fig, 15. 

* Notih, Quart. Journ. (Jeol. Roc,, Vol. JjXXVII, 1920, p. 215, pi. Xlll, figs. 8, 9. 

* Ibid., p. 219, pi. Xllf. figs. 7a-t‘, 10. 

® jMan.suy, Mem, Rerv. (teal. Indo-Chine, Vol, II, fuse, 4, p. 119, pi. XIII, fig, (}; 
tbid., VoJ. llf, fane. 3, p. 24. 

“ Colnni, Bull. JServ. Geol. InUo-Chine, Vol. VJ, fuse. 5, 1919, p. 13, pi. 1, figs, 3a-c. 
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regarded as only a variety) has usually an angular sinus devoid of 
any riblets, yet Davidson records their occasional presence in some 
British Carboniferous examples, and we also find a riblet in some 
specimens ^ of Sf. duodcdnicostat'i McCoy from the Carboniferous 
of Queensland. We cannot, however, fail to notice in our Umaria 
shells many features which are possessed by some of the shells 
referred by Davidson “ to Spirifer grandiemtatus McCoy, such as 
the shape of the shell, the bifurcation of some of the lateral ribs 
and the presence of riblets on the fold and in the sinus. Tscherny- 
schew ® believed that Sp, rcctangulus Kut. from the Upper Car¬ 
boniferous of Russia, was closely allied to Sp, grandicostatus, but 
none of his figured specimens much resemble our Umaria form. 
The latter is more like some specimens attributed by Liebarew * 
and Netschajew ® to Spirifer Blasii Do Vern. from the Russian 
Permian, which is admitted to be a very variable species, but 
Mausuy’svariety of it from the Permian of Y'unnan is (pjite 
different. Spirifer Leidyi Norw. and Pratt.,’ of the Chester Lime¬ 
stone of North America, bears a much greater resemblance in its 
shape, ribbing and ornamentation, than any of the above mentioned, 
and Sp. pelJaensis Weller *, also from the Lower Carboniferous of 
North America, is another allied species. But our species has a 
less strongly divided median fold in the brachial valve than Sp. 
Leidyi, and its lateral ribs are more commonly bifurcated. There 
is a spech's from the Fenestella ISeries of Kashmir described by 
Diener as Spirifer Middlemissi ® and regarded as closely allied to 
Sp. grandicostalus McCoy, which is almost indistinguishable from 
our Umaria form. But the fold is stated to be divided by three 
principal ribs of which the central one is the largest, instead of the 
fold having a median groove, though the occasional bifurcation 
or trifurcation of the 7-10 lateral riba and the lamtllose character 


1 Do KoniiicU, Doacr. Palwoz. Fo8;i. N.S. Walea (transl. 10. David), Mein. Gcol. Svrv. 
X.H. Wule^, Ptil,eonL No. U, 1808, p. 182, pi, XU, Hg. 4 and footnote. 

* Davidson, op. dt., pp. Oil, 222, pi. Vll, figs. 7-10. 

® Tsuhernysehew, op cit., 1902, p. 546, t. VUI, fig. 1, t. XLI, figs. 1-5. 

* Lichnrow, Mnn. Com. (Jeol. N. S., Livr. 85, 1915, i?. 64, t. Ill, ligs. 9, 11. 

* Nctechujew', tbid., Livr. (51, 1911, p. 82, t. XI1, figs. 9, 10. 

* Mansu}, Mem. Serv. Ocol. Indo-Chiiie, Vol. 1, fasc. 2, 1912, p. 114, pL XXIJ, 
lign. 2a-e. 

’ Norwood and Pratton, Juurn. Ac(ul. Nat. 8c.,Philad., Ill, 1854, p. 72, pi. 9, lig. 2; 
VVVIlor, op. rU., 1914, p. 340, pi, XLVIJ, Jigb. 17-31. 

® VVellor, op. at. 1914, p. 340, pi. XLV% figts. 1-31. 

^ Picner, Anthrao. Faunae of Kashmir, Kanaur and Spiti. Pal., Indica, N. fc!., Vol. V, 
Mom. 2, 1915, p. 41, pi. IV, figs. 0-12, 
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of the test agree precisely with our new species. The sinus in the 
pedicle-valve of S'p. Middlemissi is saifl to be narrow and to bo 
divided by one or two longitutlinal ribs, and in the allied species 
Sp. Varuna Diener,^ tliese ribs are more minierous, and Dieiier 
mentions its resorabianco to Sp. 1ila,sii. The reduction in the 
angularity and number of the lateral ribs, their simplicity and the 
more rounded outline of the shell load us by intermediate forms 
(PI. 33, figs. 8-10, PI. 3(5, fig. 5) to the fairly distinct variety des¬ 
cribed below. 

On the whole the alfinitios of Sp. mirsarhensis are more with Sp. 
grnfidicoslatuSy Sp. Middlcmissi and Sp. Lcidyi than with any others. 

Spirifer narsarhensis vnr. pauciplicatO: 

PL 33, hg. 11. 

PL 36, figs. 6, 7. 

Shell transversely oval to elliptical; cardinal angles well rounded, 
hinge-line less than maximum width of shell. Pedicle-valve gently 
convex, more so than opposite valve ; beak scarcely elevated above 
lunge-line, incurved; hinge-area small, low, triangular, concave, 
steeply inclined to plane of valve ; median sinus rounded, deep, with 
steeply sloping sides and narrow flat floor, usually without a weak 
median rounded riblet and rarely with a shorter narrower lateral 
one on each slope; lateral lobes with 4-7 rounded or slightly sub- 
angular .strongly elevated simple ribs decreasing successively in 
sijie towards the cardinal angles (near which they arc occasionally 
obsolete) and separated by wide rounded interspaces as wide as or 
wider than the ribs. Brachial valve with subqiiadrate narrow high 
median fold suddenly elevated, more or less flattened on top rarely 

grooved and not wider than two of the adjacent ribs, rarely having 

weak narrow riblets on its steep slopes ; lateral lobes with 4-7 ribs 

on each side similar to those of opposite valve; beak small, obtuse, 

low. Surface of shell covered with strong regular concentric over¬ 
lapping lamellae, usually equidistant, and crossed by very delicate 
radial striation. 

JHmcHJtiom, Brachial valvc.s. 

I. 11. Ill. 

t^ngth.13*0 9-5 17-0 mm. 

Width •••••• 18*5 10*0 24*0 mm; 


» Ibtd., p. 43, pi. 34, figs., 13-16, 
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Remark’s .—As above remarked this variety is connected with 
the typical Sp. narsarhensis by passage-forms. But in extreme 
examples the ribs are further apart, wider and fewer in number, 
the shell is more rouiided and elliptical in shape, and the ribs are 
always simple, so that cfirtain forms seem sufficiently different to 
deserve a varietal name {pawiplicata) though they occur associated 
with the type of the species in the same beds. Mr. E. R. €!ee has 
colhicted a considerable series of specimens, mostly of isolated 
valves, from horizon B, and they arc in several cases in a good state 
of preservation. It seems as if this variety were more like Spirifer 
hifurcat'us Hall,^ than Sp. Leidyi Norw. and Pratt., though Schu- 
chert ^ put them as synonyms. The original example from Umaria 
(PI. 33, (ig. 11) was much crushed and imperfect and was at first 
identified as Spiriferina cristata Schloth. 

Reticularia barakarensw sp. nov. 

PI. 31, figs. 1-9, 10 ? 

PI. 30, figs. 8-11. 

Shell subcircular to transversely subelliptieal, gently biconvex; 
hinge-line short, less than widtli of shell. Pedicle-valve moderately 
convex, with strong rounded broad median sinus extending from 
the beak to the anterior margin increasing in width, well defined 
by low sliarply roimdod edges or weak folds and having rather 
st('ej) sides and the floor projecting in front as a short rounded 
tongue; ))eak rather suddenly elevated, small, high, prominent, 
acutely pointed, sharply incurved, with sides somewhat excavated 
and diverging at less than 90°; delthyrium triangular, open ; 
hinge-area gently concave, triangular, not sharply defined at sides. 
Interior of pedicle-valve vrith straight or slightly arche<l thin dental 
plates, scarcely divergent and extending about one third the length 
of the shell. Brachial valve with low median rounded fold and 
small inconspicuous beak. Surface of valves covered with narrow 
regular closely-placed thin concentric lamellae of fairly equal width 
covered with a dense felt of closely placed minute radial equi¬ 
distant hollow flattened recumbent spinulcs usually alternating on 
successive lamellae and resulting in a regular fimbriation of. surface 

* Weller, o;>. rt<., p. 34C, pi. XLVll, figs. 6-16. 

*Schuohert, £uU> 87, U. S, Geol, Surv., 1807, p. 306, . . 
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in the middle part of the valves but radially arranged on the flanks 
and thus giving in these parts the appearance of radial lineatioii. 

DinuiVfiions, J. ]], 

.:.0 28 nini. 

W idlh , . . . . , . , ;}2 .‘JO mni. 

RemtrJcs .—The true reference of this fossil was a matter of much 
difficulty in the case of the first specimens submitted to me, as 
only broken valves or impressions of parts of the surface were 
available, and the appearance of the ornamentation differs much 
according to the state of preservation and its position on the shell. 
In CiiLses where the shell is rubbed the surface looks as if it wor<j 
piUed, the spaces left by the spine-bases forming minute lanceolate 
or oval pits. Most of the specimens arc (Tuslu^d or distorted, but 
the further material obtained by Mr. E. R. Gee from Horizon B is 
in a bett(‘r state of ['reservation, so that the o.xtcnial characters of 
the species can be quite satisfactorily determined. 

The resemblance of this shell to many of those referred to Siririfet' 
luieaiHs Mart., such as that one described and figured l)y Do Koninck^ 
from the Penno-Carboniferous of New South Wales, is at once 
apparent. But the ty])ical Sp. lineatus Mart, of the European 
Lower Carboniferous and the shells from the Productus Lime¬ 
stones of the Salt Range referred to that species by Waagen,** are 
quite different, the broad median sinus in the pedicle-valve of our 
form being particularly noticeable and distinctive. There has been 
much latitude in the use of the specific name lineatus, and the species 
has been frequently recorded from Upper Carboniferous or Permian 
beds in Asia ® and elsewhere, though we may doubt the accuracy 
of all the identifications. Thus the American shell Squamularia 
perplexa. McCliesney * has frequently been mistaken for it in the past, 
being externally not unlike many of the shells referred to MartiiPs 
Relicvdaria lineata, but Girty ® is led to believe that Squamularia 
has no internal plates and thereby is generically separable from 

* De Koninck, Palnoz. Fora, New Bouth Wales (transl. Edgeworth David) Mem, 
(hoi. Sarv., N. S. Wales, Palseoiit. No. 6, 1898, p. 174, pi. XI, fig. 9. 

* Waagen, Salt Range FohS. I, {Pal. Jndica, Sor. XIII), p. 640, pi. XLII, figs. 6-8. 

’ Broili, Perm. Brack. Timor (PalaOnt. Timor, Licf. VI, Abt. Xll, 1916), p. 40, t. 121, 

ligH. 4, 6-8, t. 122, figK. 1-16; Hayasaku, Science Rept. Tohoku Imver. Vniv., Sor. 2, 
Gcol., Vol. VIIT, No. 1, 1024, p. ,61, pi. VI, figs. 15, 16. 

‘ Girty, Bull. 644, U. S. (Jcol. Svrv., 1916, p. 92, pi. XI, figs. l-3a. 

‘ Girty, in Willis and Blaokwolder ‘ Research in China ’, ICamegie Instil.), Vol. 
Ill 1013, pp. 300, 322, 
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Reticularia. The resulting confusion has been recently mentioned 
by the present author ^ in describing specimens from the Upper 
Carboniferous of Chitral, and Girty,® Buckman,® Hayasaka^ and 
other writers in late years have alluded to the difl&culty of separating 
the many forms or varieties grouped under the dejsignation Sp, 
Uneatus, and there is little agreement in their views. Thus Hayasaka 
(op. cit.) considers that one of the distinguishing features of Squa- 
mularia is the possession of a ventral sinus which is absent in 
cularia. But this does not conform with Davidson’s opinion^ for 
he included the sinuated Sp. mesoloha Phill. in R. lineata. Girty 
and Kozlowski ® likewise differ. It should be also mentioned that 
though Waagen ® states that Reticularia has no dental plates, 
Girty regards their j)resor»ce in this genus as the important and 
critical character distinguishing it thereby from Squamularia. Frc- 
iloriks,^ however, includes Broili’s examples of R. lineata from 
the Permian of Timor in his synonymy of Squamularia perplem 
McChesney. The examples of R. lineata figured by Diener ® from 
the Himalayas or those of this species and its allies figured by 
Mansuy ® from the Productus Limestone of Indo-China do not 
represent a shell identical with the present one from Umaria. The 
Russian species R. rostruta (Kut.) is also different, but the Sicilian 
R. affinis Gemm. with which Diener ultimately compared some 
of the Chitichun specimens, bears more resemblance to our form. 

There is a shell from the Carboniferous Limeatone of Ireland 
which McCoy named Reticularia reticulata wiiich agrees with our 
shell in the presence of a median fold and sinus, as well as in the 
general ornamentation of the surface, but it cannot be considered 


1 Rood, Up])Or Carb. Foss. Chitral, {Pal. ItuIirOt N.>S. Vol. VI, Mom. No. 4, 1925), 

p. 

-(iirlv, ProJ. Paper 58, V. S. Geol. Surv., 1008, p. ,300. 

^fiuckinan, Quart. Journ. Oeol. Soc., 1^X1 V, 1908, p. 33. 

• Hayasaka, ojt. eit., Vol. VI, No. 1, 1922, p. 129. 

‘Kozlowski, Antudes de Paliont. IX, 1914, p. 73, text' iig. 18. 

• Waagon, Salt Range Foss. I, {Pal. Indica. Ser. XITI), pp. 538, 640, pi. XLII, 
figs. 6-8. 

^ Frederiks, Jtec. Oeol. Comm. Rum. Far East, No. 28, 1924, I, Brach., p. 47. 

•Diener, Hioiil. Foss. (Pal. Indica, Ser. XV), Vol. I, pt. 3, 1897, p. 57, pi. IX, 

figs. 5-8. 

• Mansuy, Mem. Serv. Oeol. Indo-Chine, Vol. II, fasc. 4, 1913, pp. 80-82, pi. IX, 
tigs. 1-3. 

** Tsehernysobew, Mem. Com. Geol. St. Petersb., XVI, 2,1902, pp. 194, 575, t. X\’, 
figs. 4, 5 ; t. XX, figs. 14-18. 

u Diener, op. rtf., Vol. 1, pi. 5, 1903, p. 19. 

»* McCoy, Syn. Carb, Foss, Ir^nd, 1844, p. 143, pi. XIX, Bg. 15. 
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idnntical. Tho typiral R, wibricaia from the Carboniferous 

Limestone of Yorkshire, is nlso (‘1os('ly similiir in external characters. 
But J3aA'i(lson ^ refjjanleti the Irisli s])e(‘ies as a synonym of R, 
linentd Mart, and the Yorksliirc! one as l)oinj( merely of varietal rank. 

Witli greater .iimecss we may compare our Umaria spefues is more 
comparaMe witli R. sefigera a.n(i to a lesser degree with R, 

'pseudolineata Hall ■* and R. salememis Weller from the Lower 
Carboniferous of the United States than with any of the foregoing 
Bpocies. 

Rtlic'idaria barahirenais var. siibplicala. 
ri. 30, figs. 12, 13. 

Shell transversely elliptical. Pediele-valvc g<'ntly ('onvpx, having 
a shallow broad rounded median sijius rapidly increasing in width 
anteriorly with its floor somewhat flattened and bearing a faint 
narrow median groove and ])rojecting as a short rounded tongue. 
On each side of the sinus a low broad rounded radial fold occupies 
nearly half of each lateral lobe, and there is a second similar but 
narrower and weaker radial fokl outside it occupying half the re¬ 
maining space to the cardinal margin, the folds being marked off 
by shallow sharply impressed slightly curvftd radial grooves ; b(;ak 
small, low, rising a little above hinge-dne, miuiely pointed, incurved. 
(Surface of shell covered with tiunierous thin concimtric lanudlaj 
having short adjacent recumbent radial spinnles producing a minute 
fimltriation and Uncation. 

L»‘ii!;t)».31 mw. 

Widtli .......... 3S »ini. 

Remarks. —This variety (of which then' is only one good specimen 
showing the lateral radial folds and another crushed one with the 
folds scarcely disecrnible, both from lUuizon B, K 23*2(>2) differs 
from R. hninharensis not only by the presence of these lateral folds 
but also by the shallower less sharply definoil groovetl sinus, the 


1 Fliinij)fi, Qenl. Yorkshire, 1830, j). 219, ]>1. X., tig. 20. 

niavidion, Brit. Foss. Brorh., Vol. IT, 18.')7, p. 02, pi. XTJI, tigs. U-13 ; ibid., 
Vol. IV, pi. ;i, 1880, j». 275. 

* ffali niul Cliiikr, Pahiont. Ntio York, VllJ, ilmoh. Tf, pi. .'{(1, figs. 26, 27. Weller, 
op. Cl/., 19M, p. 131, pi. LXXIV, ligH. 12-22. <5irty, Bidl. .W3, IJ. S. (Jeol. Burv., 1915, 
j>. pi. J.V, fij^. 0, 


^ Mall and Clarke, op. <it.y pi. .“{6, Akr- 28J30. 
^Weller, op. oil., 1014, p. 433, pi. LXXV,^liKs». 16-10 
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more transverse shape of the shell and the lower and smaller beak 
to the pedicle-valve. The ornamentation seems to be identical. 
The presence of a sinus and median fold with a few broad rounded 
lateral radial folds with a similar shape to the shell are found in Reti- 
cularia fmtbricUa Conr.^ of the Devonian, and Miss Muir Wood has 
recently described a Lower Carboniferous species from Yorkshire 
under the name R. lobata^ having the same general characters. Apart 
from the ornamentation of the surface, the young eicample of 
Sp. Darwin i Morr. figured by De Koninck® from the marine Pernio- 
OarboniferouB of New South Wales, and the Kussian Upper Carboni¬ 
ferous .species Sp. supracarhoriicus Tschern.^ bear a considerable 
resemblance to our shell in the weak rounded broad lateral folds 
and in general shape. 


Athyris a£E. pratcUf Abich. 

PI. 34, fig. 11. 

There is one imperfect specimen of a pedicle-valve of a brachi- 
opod which seems closely to resemble the shell from the Killing 
Shales of the Himalayas which Diener ® has figured as Athyris 
[Spirigera] prolca Abich, var. alata. Dur example seems to have 
been sul circular in shape; the subanguJar edges of the sinus are 
elevated into narrow low folds, and the floor of the sinus is some¬ 
what angulated posteriorly, though rounded anteriorly; the lateral 
lobes are somewhat flattened or slightly concave, and numerous 
weak concentric growth lamellae cross the whole surface. A. protca 
and its varieties were first described from the Otoceras beds of 
Djulfa, Armenia. 


Orthotichia ? sp, 

PL 3:1, figs. 12, 12a. 

There is a much weathered valve of a large brachiopod (K 21*424) 
having the surface of the shell mostly destroyed, but showing inter¬ 
nally a pair of rather long dental (?) plates which at first converge 


^ Hall and Clarko, op, cil., pi. 30. figs. 17-22. 

> Muir Wood, Quart. Journ, Oeol. Hoc., LXXXl, 1920, pt. 2, p. 242, pi. XVJ, figs, 
la-c, 2. 

*l)e Koniuok, op. cit. {transl.) 1898, p. 179, pi. X, figH. 11, 11a. 

* Tschernyuchew, Mem. Com. Oeol. Ruas. XVI, 1002, p. 5C3, t. XV, figs. 2, 3: 
^Diener, Himal. Fosa., VuJ. 1, pt. G, 1903, {Pal. Indicot Ser. XV), p. 18fi, pi. IX, 
liga. Ga-df 



388 


Records of the Geological Survey of India. [ Vol. LX. 


for a short distance and then diverge for the greater part of their 
length at an angle of about 30°. The shell was apparently sub- 
quadrate, moderately convex, most so posteriorly, with a weak 
very broad median sinus or depression anteriorly; the hinge- 
line is straight, and the beak is broad, obtuse, rounded, and slightly 
incurved; the cardinal angles which are imperfectly preserved 
were apparently rounded or obtuse. The pair of supposed dental- 
plates roach about one fifth th«) length of the shell. The surface 
shows traces of having possesscil radial filiform striae, with con¬ 
centric rugae or lamelhc on the flanks. 

It was at first thought that this specimen was attributable to 
some species of OrthoUirU's such as O. gumhilupmsis Shura.^ and 
0. Krnffli Dieuer,“ but it seems more likely f-o Ix'long to some species 
of Ortfiotichia, Srhizophoria or EntcUioides, especially resembling 


rossirns Stuck.'* from the, tapper rarboniferous of Samara. 


geruTic reference, is, however, a matfer of doubt. 


Ivdclrt'mltKiblc bnu'liiopod (genus uncertain). 


IM. 35, fig. 10. 

There is a small fragmentary brachiopod from Horizon. A. 
(K 23’261) represented l)y only one very imperfect specimen, 5-6 mm. 
long, which is diflercut from any of those above described. Tt was 
apparently of a subquadrate or subcircular shape with a flattened 
surface bearing a weak median depression and about 16-18 strong 
straight radiating rounded riljs with scabrous ? elevations; the beak 
is small and rounded. In some respects it resembles Strophalosia 
costata Waag.^ from the Lower Prodiictus Limestone of the Salt 
Range, and Aulosteges percostatus Dieiier ® of the Fenestclla Series 
of Kashmir, but it may be merely a crushed pedicle-valve of some 
rhynchonelloid referable to Liorhynchus, Vamarotwchia or Catncf 
rophoria. 

Prof. Paper .58, 1/. S. Geoh Surv., 1{)(>8, ]». IJ)!), |>1. X, J-5. 

3 J)j*;uor, Hirnal. Fobs., VoI, I, pt. .5, 1903 (Pal. Indha, Stsr. XV), p. 78, pi. IIJ, 
ligri. 0, 7. 

* (Stuckexiberg, Jlfc/a. Com. Geol. N.ti., Livr. 23, 1005, GO, 120, t. VI, 

iig. 8. 

* Waagen, Salt Range Fots., I (Pal. Indira), p. pi. LXIII, lig,s. 7, 8, j'l. LXIV, 
figs. la g. 

* Diener, Pal. Indira. N. S., Vol. V, Mom. 2, 1015. p. 31, pi. IIT, figt.. 4-7. 
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PI. 36, fig. 14. 

There is one small lamellibranch in the collection represented 
only by one right valve, and a fragment of another, both from 
Horizon D (K 23*264). The better specimen is siiboblong in shape, 
abruptly truncated behind, but broadly rounded in front; the 
upper and lower edges are nearly straight and parallel; the beak is 
small broad low obtuse and situated far forward (but the anterior 
end of the valve is not well exposed); the valve is very slightly 
ooiivex and has a broad very shallow median transverse depression 
crossing it obliquely; a weak low straight umbonal ridge rtins 
ba(‘k to the posterior lower angle, and above it the valve is some¬ 
what flattened with traces of a narrow radial ridge on it; the 
whf)le surface of the v'^alve is marked by concentric growth-lines 
and ridges of rather unequal strength which meet the hinge line 
nearly at right angles. 

Dtttu 

......... f. r> nun. 

Jlriuhl. nun. 

AJji'Hilli’s .—Prom the gt'Uera) shape and characters of this shell 
it seems j)rol)able that it should be referred to some speci<‘S of Janeia 
or Holenuja rather than to Allorisma, Sphenalvs or i^anguinolites^ though 
it is sheuter ami broader than usual in that gcuius It somewhat 
res(‘ml»les the, Himalayan shell n'l’erred by l)iem*r ^ to Janeia 
biarmica (l)e Vern.). Hph. cuUjaris dirty,- also may perhaps be allied. 

PIcvrofomaria 'nmarirnsis sp. nov. 

PI. 31, figs. 12. f 13. 

VI 35, figs. 11-13. 

Shell small, tnrreted to sub-tiirbijiatc, eonical, composed of 6-7 
rounded or slightly subangular whorls increasing rather rapidly in size, 
bearing a broad submedian slit-band on the periphery; apical angle 
45° or rather less. Whorls rather flattened above and rounded below; 

*• Dimier, Himal. Poaa. Vol. 1, j)t. 5, 100.3, {Pal. Indi-a), p. 173, pi. VIII, figa. 7a, 
b, 8 ? 

* Girty, Hull. 603, U. H. (Jcol. Hurv., 1916, j>. 78, pi. VIII, ligB. 6-7. 
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surface crossed by rather strong regular transverse fine lines meeting 
the slit-band on the lower surface at about 60° or more and on the 
apical surface at about 45°, but abutting against the suture line at 
right angles. Slit-band conspicuous, submedian, situated slightly * 
below the middle of the whorls, rather deeply sunk between strong 
raised prominent edges and having its gently concave surface crossed 
by reguhir closely placed slightly curved lunulae. Body-whorl 
rounded below, large, being one third (or more) the height of the 
spire; base convex, deep, generally with a weak revolving keel a 
short distance below the slit-band. Mouth subcircular; columellar 
lip nearly straight, slightly thickened and flattened, sharply exsert. 
Umbilicus absent. 

i)i mn .N ioH .s (a v v rii). 

Iluiglit ........... 8 Him. 

Dinmc'k'r ba^ial wliorl. ....... 5 aim. 

Remarks.- All the lirst (;.\ainples (K 21*425) from the shell- 
band and the associated soft greenish shales were crushed and 
imperfect, except one small turlnnate specimen (IM. 34, fig. 13) 
which hatl an unusually low spire and wide apical angh; and is 
doubtfully referable to this sp(‘ei('s. But Mr. Gee has sinc(i collected 
a largo number of s])e<*imens from the lowest band (K 23*461) 
and from K 2*2*972, 973, of th<' r.iilway (uitting, in which the species 
is extraordinarily alnmdant. and the sj)ecimens arc often well pre¬ 
served. 

With regard to the characters of the spec-ies we may observe, 
that the apical angle varies somewhat, some shells being broader 
and having a lower spire than others, but otherwise agreeing in 
every detail. The ornamentation is (.'onstant, except as regards 
the om; revolving lira on the body-w’horl, which may be absent and 
is always weak. 

Diener ^ has described but not figured an unnamed species 
of PU’urotomaria from the Carboniferous beds of Lipak which seems 
to agree closely with the Umaria form. The figures and descrip¬ 
tion of Plcurotomaria delawarcnsis dirty ^ from the Guadclupian 
fauna of the United States may be compared with om* species, and 
there seems to be also a considejable resemblance to Pi. kirillowensis 

* IJicutT, Pttl, linliCd, W. y., \'ol. V, Mem. 2, 11)1.5, j». 119. 

* Clirty, Prof. Paper 58, U. H. O'eol. f<urr., 1908 p. 47.5, pi. iXXlll, figs. 28-;{0, 
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Licharew ^ from the Permian of Russia. But perhaps PL arkansana 
Gixty ^ from the Batcsvillc Sandstone is more closely allied. 

The precise subgeneric reference of our species is uncertain, but 
it may belong to Ptyc/tomphulina. 


Joncsina ? sp. 

PI. fig. 14. 


The entomostracan giMius Jonenna is probably rtipresenled by 
a small suboval gently convex body rather wider at one end than 
the other, and of a sliglitly bean-shaped outline owing to a weak 
concavity near the middle of the u[)))er margin which is rather 
shorter than the gently archc<l lower margin. The surface bears 
a small oval very faintly elevated subcentral sw'elling situated behind 
the middle and surrounded by a line impressed line. In front of 
and in contact uith this swelling and likew ise very faintly circums¬ 
cribed is a smaller less distinct subcircular eminciicc scarcely raised 
above the general surface. 


Cf/thcrcihi t sp. 


PI. .‘U, fig. 1(5. 

The cai‘a])ac<‘. of another small oslraeod is seen in a marginal 
view of tin*, two conjoint valves showing a simple junclion. The 
shell is ovate in shape and llie valves se<un to be (‘fpially conve.v 
and smooth. Jh’obably this is referal>lc to the genus CylhneUa, and 
it seems to resemble in the inflation of the valves the species ‘ Cythcrc ’ 
injiaia Me Coy. ^ 


Palacocypris ? sp. 

PL :ll, fig. 15. 

A third type of ostracod is represent'd by one somewhat crushed 
valve, ft is suboval in shape, rather blunter and broader at one 
end than the other, and its strongly convex surface is covered with 
rather widely separated small sluirj) granules of two or three sizes. 
Probably this is referable to the genus Palaeocypris. 

* hiuhnievv, Man. (.'uni. (wnul. Viw.v,-.., N.S. Lnr. SH, iOia, pj», 12, S7, t. V', fig«. .*), 4. 

'■•(Jirty, Dull. .*>5)3, V. »S'. (Jiol. iSurc., iyi5, p. 113, pi. XJ, lig. 8. 

X//«. ('ftib. Fo.vt. IrcUintJ, 1844, p. H17, pi. XXlll, lig. 17. 
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Dermal iuberdes of a fish. 

PI. 35, figs. 14-18a. 

There are several specimens of a curious little p('inted capuliform 
solid object (K 23*262) (K 23*264) (K 22*973) having a high rounded 
obliquely conical shape with a more or less sharply pointed straight 
or slightly curved apex directed backwards; the posterior slope 
below the apex is somewhat hollowed; the base of the tubercle 
is somewhat expanded .and flattened, with a circular to suboval 
outline, but is thin and without any root. The cone appears to be 
solid, but the base of it is slightly excavated underneath. The surface 
of the cone is covered with small low closely-placed rounded granules. 
The largest specimen iricasures about 8 mm. in height and 
has the same diameter at the base. VV^ci may probably interpret 
this fossil as the dermal tubercle of some selachian and of the same 
nature as Pclrodus. Sir A. Smith Wv)odward thinks it is a now genus. 


AFFINITIES OF THE FAUNA AND CORRELATION OF THE BEDS. 

The fauna of these Umaria beds has a striking individuality 
of its own, and it comprisCvS only a few genera. The majority of the 
fossil.s are brachiupods, belonging to the genera Producivs, Spirifer 
and Reticuhria, the first named genus largely predominating. The 
species are found to l.e in all cases new when the material is 
sufficiently w(*ll pre.served for their specific identification, and their 
affinities are not particularly close with any previously described 
forms, though their nearest relations are partly found amongst Hima¬ 
layan and llussian spi;ci«;s of Permo-Carboniferous and Permian age 
and partly amongst Carboniferous species. Thus Productus mmriensis 
and its variety spinifera recall forms referred to Pr. cora and Pr, 
camrinifortnis, while Pr. rewukensis seems allied to Pr. TscJternyschewi 
of the Russian Permian. Spirifer narsarhensis on the other hand 
is more like Sp. grandicostatm, Sp. Middlemissi and Sp. Leidyi, all 
occurring in the Carboniferous of other regions, while Reticularia 
barakarensis seems to have its nearest relative in R. setigera of the 
Lower Carboniferous of America. But the species of Athyris and 
the lamellibranch referred to Janeia are more allied to Permian 
species. The other fossils are hardly well enough known for any 
stratigraphical conclusions to be drawn from them. 
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The dietributioii of the species on the several horizons recognised 
by Mr. Gee does not suggest any im{)ortant dilference in the age 
ol these bands, and most of the species seem common to them all. 

if or the association of marine fossiliferous beds with typical 
Gondwana plant-bearing series we have to go to Kashmir and Australia. 
In the case of Kashmir the Zewan (Permo-Carboniferous) Bods 
which contain a I’roductus Limestone fauna rest on the Oanga- 
luopteris Beds of the Lower Gondwana wliich in their turn repose 
on the Panjal Volcanics and Agglonicratic Slate of possible Talchir 
age. Below these volcanic beds are marine Carboniferous beds, 
the upi>ermost of which is known as the Fenestella series and is 
doubtfully referred to the Middle Carboniferous by Middlcmiss> 
The Syringothyj’is Limestone series whicli lies below is separated 
fi’om the Fejicstella scries by some passage beds, and is definitely 
ascribed to the Carboniferous. But neither the fauna of the Fenes- 
tella nor of tli«j Syringothyris oeds, ami even less that of the Zewan 
bods, shows any close general rescinbbuice to that under consideration, 
tUoiigli certain of tiic species are allied. In the Umaria locality the 
mariiie beds rest with a slight u uconforniity on the Talchir beds 
and pass up without a break into tin; Barakar stage ol sandstones 
;i.iid coals which is at the base of th(! Damuda series. Wadia ^ 
places the Baiakar stage in the Middle Permian, but Cotter ^ 
refers it to the Lower Poriuiau. We might therefore expect a 
priori that the marine band at its ba.se would perliaps correspond 
with the Karharbari which Wadia terms Permo-Carboniferous. Cotter 
correlates the beds of the Australian marine series which hove 
plant-bearing deposits of Lower Gondwana type between and above 
them with the Karharbari series. It may be susx)ected that this 
marine bed at Umaria is of rather diIff rent date, but it cajinut 
bvj considered to corrcsx>ond with the Lipak or Po series of Bpiti,"* 
or the Fenestella series of Kashmir of which the faunas have 
been described by Diener.^ 

The imjjortance of the discovery of a marine fossiliferous deposit 
below part of the Lower Gondwanas of Central India is obvious 


^ Aliddlemiss, Hec, Gwl. Surv. Ind. V'ol. XL, pt. 3, 1010, pp. 210, 222-232. 

* Wadia, “ (Jeology of India,” 2nd edit., London, 102(>, p. 110. 
a Oottor, lice.. Ueol. Surv. Ind., XLVlll, 1017, pp. 23-33. 

* Hayden, Geology ol Spiti, Mem. Ueol. Surv. Ind., Vol. XXXVl, pt. 1, 1904, 

pp. 37-50 i Wadia, op. cU., pp. 00, 100. 

* Diouor, Hiinal. lAm., V^ol. 1, pt. 2, ISOO, Pal. Indica, Ser. XV ; ibid,, vol. 1. 
pt. 6, 1003 : ibid,, N. ij., Vol. V, Mem. 2, 1015. 
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from u pala30gcographical point of view. For it has been generally 
believed that the Peninsula was a land-area from at any rate the 
close of the Purana (Pre-Cambrian) era until late in Aryan (l*al«!0- 
Mesozoic) times and that it was never invaded, much less wholly 
submerged, by the sea till the Jurassic or Cretaceous period and even 
then it was only along the margins that marine incursions took 
place. In the light of th * marine fossils at Umaiia we can no 
longer maintain this opinion in its entirety, though to what extent 
the sea penetrated into the land caimot at present be determined. 
A partial submergence is, however, proved to have occurred, and 
the transgression which only last 'd a short time was probably 
eith<'r from the north through Rajputaiia or from the we.st coast. 

The (jvidence of the fossils inclines us to conclude that this 
marine invasion took place in Permo-Carboniferous times, as there 
is a noticeable admixture of types possessing allinities with both 
Carboniferous and Permian species. A study of the Carboniferous 
Permo-Carboniferous and Permian marine fauiias in the Calcutta 
Museum confirms the author’s conclusion that this IJniaria fauna is 
distinct and unique. 


EXPLANATION OF PLATES. 

PLATE 31. 

Piii. 1 .—Praluctus uviariensia sp. nov. Podiclo-valvo of nearly coniploto Bixxji- 
men. X Ji. (K 21-42G). 

la .—Froduclus umarieniiis Brachial valve of game spc^ciinen. x 1^. 

Pio. lb.— Ditto. Cardinal view of game HiXDcimen. x IL 

Eiu. 2.— Ditto. Posterior part of iiedicle-valve of 

another nearly complete sptX'imcn. s 1^. (K 21*424). 

Fig. 2a.— Productus nnuirknsia sp. nov. Cardinal view of game specimen show¬ 
ing cardinal thickening aufl spines. X 1^ 

2\),— PTixtu/^tva utimriensia sp. nov. Brachial valve of same apocinien, 
showing bifurcation of rihlcts. X IJ. 

Fig. 3. —Productva vniarictiaia sp. nov. Podicit-valvo of a bIkjII devoid of spines 
on riblcts, some of wbich are thickened, x 1^. (K 21*424). 

Fig. 4.— Productua urnarienaia sp. nov. Cardinal view of another example without 
thickened ribfots. showing cardinal spines, X IJ. (K 21*424). 

Kio. 4a .—Productua vniarie.naia sp. nov. Ventral view of same s{)ecimon. x IJ. 

Fig. 5.— Ditto Median portion of sui-face of pediole* 

valve, showing increase of riblets by division of thicker riblet kelow 
spine-babe. X 6. (K 21*424.) 

Fig. G .—Productua umurieuaia sp. nov. Lateral portion of another shell, showing 
increase of riblets by intercalation and witliout s^nno-hases. X 2. 
(K 21*426.) 
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PLATE 32. 

Fio. 1.— Productus rewah^nsis Bp. nov. Pediclo-valvo, partly buiicd in cttairlx, 
X IJ. (K 21-424.) 

Fia. la.— Productus retvahensis ap. ftov. Postorioi' view of same specimen, x l^. 
Fia. 2.— Productus reuxihensia var. coroides. Pedicle-valve of complete shell. 
Nat. size. (K 21-424). 

Fig. 2a.— Productus rewethensis var. coroides. Brachia} valve of same specimen. 
Nat. size. 

Fio. 3.— Productus rewaheiisis var. coroides. Another specimen, pedicle-valve. 
X 14 , (K 21-424.) 

h’la. 3a.— Productus rewahensis var. coroides. Portion of sui-faco of same speci¬ 
men. X 4. 

Fig. 4. — Productus umariensis sp. nov. Interior of pedicle-valve. X 11. 
(K 21-426.) 

Fio. 5.— Productus umariensis sp. nov. Posterior part irf pctiicle-valvC of another 
Hiiccimen, X 14* (N 21-124.) 

Fia. 6.— Productus umariensis sp. nov. Jlracthial valve of complete shell, x IJ- 
(K 21-424.) 

Fig. 7. — Productus umariensis ap. nov. Pedicle-valve of another specimen, x 1^. 
(K 21-424.) 

Fia. 8.— Productus umariensis sp. nov. Brachial valve of a comiHiete shell. X IJ. 
(K 21-424.) 


PLATE 33. 

Fia. I.— Productus umariensis xar. spiuijcrn. Pedicle-valve nearly complcic, 
showing spines on surface. X Ij. (K 21-424,) 

Fio. la.— Productus umariensis var. spinijera. Part of centre of suifaco of same 
shell. X 4. 

Fig. lb. — Productus umariensis var. spinifera. Part of surface of same shell near 
lateral margin, x 4. 

Fjo. 2.— Productus umariensis var. spinifera. Imperfect pcdicle-vaivo with fewer 
spines, x 14- (K 21-424.) 

h^io. 3.— Productus umariensis var. spinifera. I'ostcrior pait of another pcdiclc- 
valvo. X 14 . (K 21-424.) 

Fia. 4.— Productus umariensis var. spivifrra. Posterior pait of i^cclicJc-vaJvo ol 
another spc-cimen, showing caiclinal spioc.s. x IJ. (K 21-124.) 

Fig. 5. — Productus umariensis var. spiniftra. J\)stcvior jait ol jcdicic-valrc of 
another sf)ccimcn, showing caidinal s]>iiicH. y 2. (K 21-424.) 

Fio. 6a.— Productus umariensis var. spinifera. Pardinal view of same sjccimcn. 
X 2. 

Fig, 6.— Productus umariensis var. spinifera, Fia-nicitt of ir.lcrior of jed,de- 
valve, showing vascular markings outside diductor scais. x IL 
(K 21-424.) 

Fio. 7.— Spiri/er narsarhensis sp. nov. Coraploto specimen, doisal view. X 2, 
(K 21-426.) 

Fio. 7a.— Sjiirifer natsarhensis sp. nov, Vcntial view of soiho specimen. X 2. 

Fio. 7b.— Ditto, Anterior marginal view of same speci¬ 

men. X 2. 
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t’lo. 8 .—Spirifer nnrsarhensis vaf. Imixjrfcfi potliclu-valvo. X 2. (K 21-424.) 

b'w. y.— J)iUo, var. Jmporfoct brachial valve. X 2. (K. 21-421}.) 

Fiu. 10.— Ditto. viir. Lupoiiccb txxlicio-valve. X 2, (K 21-425.) 

h’iu. 11.— S'pirifcr luirmrJtenms var. 2 ^<*f^eiplical(i. Imj^ierfect )>Jaciiial valve. X 2. 
(K 21-421.) 

Fio. VZ.--Orlholichia y ap. linpoi'foct podielo-valve. X l|. (K 21-424.) 

Fia. 12a.- -OrllujUckUi 'i ap. Carclmal view of aaiiio apeeimeii, allowing dental 
plates, X 1^. 


PDA'I’F 34. 

Fin. 1 .—lidicularia barakarcnnis a\i. nov. J'odicle-valvo with worn aiufaec. X h] 
(li 21-424.) 

Fiu. la .—liHiculuriu b<ir(iLare>o>is ap. iiov. J/ortion of surface of aaiue .specimen 
with spinulea abraded, x 7. 

Fiu. 2.— Iteticuhria barakaremis ap. uov. imj.X)rfect brachial valve. X lA. 

(K 21-125.) 

Fill. 2a .—Rcticularia batalcarcusis ap. iiov. .l\»ition of auj-faco of aaiue ajiocinien 
allowing well-pro.s(M ved ornamealation. x (5. 

Fkj. 3.—Itcticuluria barabtrams sp. riov. Pedicle-valve of a young individual 
X 2. (K 21-425.) 

Fiu. ^.—Relicnlaria baruhireasis sp. nov. Portion of aholl with well-preserved 
limbiiated lAmclhe. x 0. (K. 21-424.) 

Fius. 5, 5a .—Reticiilaria barakaro.n'tis ap. nov. Jiiipi'easions of diU'eriiut jiaila of 
surface of one shell, showing variation in apix^araiioe of oruaimuitation. 
X 6. (K 21-424.) 

Fiu. 0 .—Rcticidaria baraharahsis aj). nov. Portion of surface of another shell 
showing well-proaorved limbiiated lainelhe. X 6, (K 21-426.) 

Fiu. 7. —-Rclicnlaria bumharensis ap. uov. V Impms-sion of part of aurfiwx-. of 
another ahull with iiidiatinct concentric arrangement of apinules. X C. 
(K 21-425.) 

Fiu. 8 .—Reticularia barakarensis sp. nov. Pedicle-valve, showing dental plates. 
X H. (K 21-424.) 

Fiu. 8a .—Reiicalaria barakaretisin ap. nov. Posterior view of same specimen. 
X li, 

Fiq. 9. —Relicularia barakarensis sj). nov. Brachial valve (uncrusliod). x 2 
(K 21-425.) 

Fio, 10 .—Reticubiria barakarensis sp. nov. ? Internal cast of young pocliclo- 
valvo. X 2. (K 21-424.) 

Fig. 11. -Aihfris a If. protca Abie h. Xnnwrfect pedicle-valve. X 2. (K 21*425.) 

Fig. 12 .—Pleurolomtria utnariensis sp. nov. X 2.]. (K 23*264.) 

Fiu. 13 .—Fkurotomaria n*nariensis sp. nov. Short turbinate variety, x 6. 
(K 21*425.) 

Fig, 14 .—Jonesina ? sp. X 8, (K 21*426.) 

Fig. 16 .—Podaeocypris ? sp. X 8. (K 21*426.) 

Fig. 16 .—GyihereUa ? sp. X 6. (K 21*425.) 

Fia. 17. —Hhombopora sp. X 6 . (K 21*426.) 
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PLATE .‘?5. 


Pia. 1.— Prcduclvs rtvohiVMfi, f<\). nov. 
Eio. la.— Ditto, 

2.— Ditto. 

Fio. 2.— Ditto. 

X IJ. (K 2l’»-2G3.) 

KlO, 4.— PuxIiKlvs ini'uhnn>%-<, sj\ nov. 
FfO. 5.— Ditto. 

Fio. fi.— Ditt(\ 


Pedu le-valvo. X H- (K 23-203.) 

PoKtevior view of hftiiic apociincn. X 14. 
IVlicle-valvo. X Ig. (K 23-203.) 

Poslevioi view of nnollicr j cdiclc-valvf. 

roHicle-valvo. X ( K 23-264.) 

Pediclo-valvo. X 1^. (K 23-263.) 

Interior of hraehial valve. X 1^. 


(K 23-264.) 

Fio. 7. Prodiitfiis revakensts, bj). nov. Internal oa.st of pediolc-volvc. X I,]. 
(K 2,3-264.) 

Fio. 8.— Prodvcins nvulun/^is var. coroidcf--. iVdicIe-vnhe. X IJ. (K 2.3-2()l.) 
Fui. 8a. Ditto, Sk^o viev of ^arno iSjceiniin. X II 

Fio. t).— l^roduclus viharinusi.s mm-. Vcdic le-Mihe. x H. (K 23-2( 2.) 

Fio. 10.- Indet. Inacliiopod (gnniB nnnitaiii). X 6, (K 2.3-261.) 

Fio. ll.— -PkurotomaHa vvntrirnf,i.H n\). no\. X 3. (K 23-264.) 

Fio. 12.— Ditto dillo. X 3. (K 23-204.) 

Fro. I.3.— Ditto dilln. X 21. (K 2.3-264.) 

Fio. 14.— Doinial tulerele of tifili. Wde view. X 2. (K 23-262.) 

FioI4a.— Ditto. roituai of BUifaco. X 6. 

Fia. IC.— Ditto. bide view of nnotltr sjtcin'.cn. X 2. 

(K 23-264.) 

Fig. 16.—Doinial tnleiolo oi ObIi. FitJo vi(-w of ar.otl.or Bi'fein’cn, x 2. 
(K 2.3-2(i2.) 

Fig. 16a.—Doinial luleulc of (ipb, 3\p \icw' of wine Bicrinrn. X 2. 

Fig. 16b.— Ditto. Fnait view c>f miii’o K]tc'’n<.n. X 2. 

Fio. 17.— Ditto. bii'o view of aiiotber Biteinen. X 2. 

(K 23-262.) 

Fig. 17a,—Donnal tuLorclo of fish. Firnt virw of pnme Bjeeinirn. X 2. 

Fig. 18.- - Ditto. Side view of .motJ.er fipeeiiiirn. X ?. 

(K 2.3-262.) 

Fig. 18a,— Di'rni.al tubercle of fish. Front view of .'■anio .speeimen. x 2. 


P].A3'E 30. 


Fig. 1.-- 

uS’pm/er narmrhensio, 

, B]i. nov. redielo-valvo. 

X n. 

(K 23-262.; 

Fio. la.- 

Ditto. 

Inteiior eif Bamo sjweimcn. X IJ. 

Fio. 2.- 

1 )iito 

Pe<1ielo-vaIvc. 

X IJ. 

(K 23-262.) 

Fig. 3.— 

Ditto. 

Pt-diele-valvo. 

X 11. 

(K 23-262.) 

Fig. 4.— 

Ditto. 

Pedielo-valve. 

X 11. 

(K 23-262.) 

Fio. 6.— 

Ditto. 

var. Tlraeliial valve. 

X IJ. 

(K 2.3-202.) 

Fig. 6 .— 

Ditto, 

var. pavcipHcnta. Dmeliial 

valvo. X 


(K 2.3-202.) 

Fig. 7.— Spirijer varsarhrvsis, var. jtavciplienfa. Podielo-vnlvr. X 2. (K 23-262. 
Fig. 8.— Petienhria haraUtrenMff, sp. nov. iVdielo-valve. X 1^. (K 23-262.) 
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8a.— Reiicularia Ijoarkarcnsis, sp. nov. Brachial valve of same specimen. 

X IJ. 

Fig. 9.— Heticuhiria baraharensis, sp. nov. Another brachial valve. X 1^. 
(K 23-262.) 

Fio. 10.— Reiicularia harakarensis, ap. nov. Brachial valve with shell preserved. 
X (K 23-262.) 

l''io. 11.— Reiicularia hnrakarensis, sp. nov. Pedicle-valve of young individual 
X 4 . (K 23-262.) 

Fia. 12.— Reiicularia barakarensis var. i>ubplica^a. Pedicle-valve. X J. 

(K 2.3-262.) 

Fig, 13.— Reticvlaria harakareuftia var. subplienta. Pedicle-valve. X IJ. 

(K 23-262.) 

Fig. 14.— Janeia all. biarmica (Do Vern.). Right valve. X 5. (K 23-264.) 
Fig. in. —Crinoid stem. 2^. (K 23-202.) 

Fio. 16a.— Ditto, articulating face of same specimen. r 21. 
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The Geology of the Umafga Coalfield, Rewah State, 
Central India. By E. R. Gee, B.A. (Cantab.), 
Assistant Superintendent, Geological Survey of India. 
(With Plates 37 to 39.) 

INTRODUCTION. 

T he completeness, so far as the coal-deposits were concerned, of 
the geological survey of the Uniari.a coalfield carried out by 
Mr. T. W. 11. Hughes of the Geological Survey of India, in the 
early eighties,' reuderod dormant the specialised attention of Indian 
gef)logLsts to this area, until in the year 1921, considerable scientific 
inbirest was aroused by the discovery by Mr. K. P. Siiior, Rewah 
State Geologist, of a marine fossil bed in these Lower Goiidwana 
sediments.^ 

Following a visit by Hr. C. S. Fox to this coalfield, I was deputed 
during the month of Juno 192G to make a geological resurvey of 
the area, to examine in detail the Lower Gondwana strata in which 
these marine fossils occur, and to add to the collection if possible. 
The additional forms which wert^ collected have been described by 
Hr. C'owper Reed In an adjoining jiaper. 

The attached geological maj) (Plate 39), represents the results 
of this resurvey. Comparing it with the one in Mr. Hughes’ memoir, 
the main difference is seen to be in the distribution of the Supra- 
Barakar rocks in the western part of the area. Considering, however, 
the importance of the recent palasontoiogical discovery, and liearing 
in mind the similarities and differences which the Gondwanas 
of this area exhibit when compared with their equivalents in 
Bengal and elsewhere, it seems worth while to record the Gond¬ 
wana succession of this coalfield in greater detail than has pre¬ 
viously been done. 

The Umaria coalfield itself forma a relatively level cultivated 
tract, about 1,460 feet above sea-level. It opens out to the east 

and north-east, but is bounded on the west 
Physical geography south by thickly forested ridges which 

* * ^ **^***’ attain an altitude of about 1,800 feet. The 

» Mtm. Oeol Surv. Ind., Vol. XXI, 1926. 

* lieo., Ge/tl. Surv, Jnd., Vol LIV, 1922, p. 14, BuU, Bo. 2, Geological Dept., Bewah 
State, ‘ Rowah Stale Coalfieltls (1923), j)j>. 1-22, 
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Xatiii-Bilaspur branch of Ui(i B(;nf!;al-Nagpnr railway traverses the 
area in a general nort]»-\vest to HoiitJi-east direction, Umaria itself 
being 30 miles ilistant from Katni station. The strata of the 
southern part of tlie coaHield are to a groat extent hidden by allu¬ 
vium, but to the nortli-west of Umaria the more porous sandy 
Uondwanas crop out. The Ttiain line of drainage—the Umrar 
river—meenders across the cojillield in a general northerly direc¬ 
tion, while a number of small tributaries traverse it in a north¬ 
easterly direction from the uplands to tlui west and south. 

, The geologicid formations met with in the 

(leifernl ijcolosy ,Tnd ,, . m. i i • i ■ 

);eolov[ual sirucliiie. UfUiifKi (‘ouliiold iiiclii(i(i : 

Alluvium. 

Trap. 

f Sup ra-Barakars. 

Gondwanas. Harakars. 

[ Talchirs. 

Metamorphics. 

There is, as is to be expeclod, a very close rclatio7iship bolwcen 
the main geological features of tlie area. The 

woodial uj)lands to t}>o south of the coalfield represent tlie ancient 
metamof])hic land-surface against which the Gondwanas were de¬ 
posited. To the north-west tluj crystalline rocks again constitute 
the boutulary of the held, but luue the junction is a faulted one. 
The general dip of the strata being in a northerly direction, new'or 
beds are niet witli as we traverse the coalfield from south to north. 
This simple structure has, however, been complicatefl as a result of 
folding which has thrown the beds into a sharp synclino ' close to 
the Narsarlia fault and a more gentle anticline further south¬ 
east towards Umaria. lOviclenco will be given later that this faulting 
along the north-western edge of the field, accompanied by an 
inclination of the strata near the fault, commenced j)rcvious to the 
deposition of the Barakar strata, and continued more ac-tively during 
the i)criod of formation of the Supra-Barakars; with the result 
that tliese Snpra-Barakar rocks, in the vicinity of the fault, overlap 
on to the lower Barakar horizons and fijially on to the Talchirs 
also. This overlap increases in tlie iip])er Snj>ra-Barakar rocks, so 
that, ns the vortical disj)lnceincnts coiitimied, these strata also wore 
in ph u‘es brouglit into faulted juxtaposition with the motamorjhics. 
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DETAILS OP THE VARIOUS FORMATIONS. 

The following is a description of these various formations in detail. 

I. -THE METAMORPHICS. 

The Metamorphics include a variety of types considerably foliated 
and penetrated by numerous quartz and pegmatite veins. S])(‘ci- 
mens, typical of the area, wore commented on by Dr. Heron 
as being closely comparable to the gneisses of the Kaj- 
putana area. To the south of the coallicld these rocks include 
pink and grey f(dspathi(! gneisses and hornblcndic types, asso¬ 
ciated around KaTinuiti with bands rich in magnetite iron-ore. 
The foliation dips usually at a steep angle to the south and south- 
south-west. The continuous outcrop of these metamorphics passes 
along tlie edge of the jungle to the south of Koilari, but, in the 
village its<df, an outcrop of white quartzite again occurs. It seems 
probable, therefore, that the gneisses would be met with at no great 
depth immediately below the alluvium in the intervening area to 
the south of Koilari village. 

Immediately north-west of the Narsarha fault finely foliated 
micaceous schists and white quartzites predominates. Coarser tex¬ 
tured felspathic gneisses come i]i further vv(^st, and include large 
pegmatite veins, in some cases* rich in soda' felspar, in others, rich 
in mica. The quartzites m(!t with elo.se to the fault, especially to 
the north-east of the railway, are u.sually much brec( iated. The 
gneis.ses and schists <U]) almost veitically and strike in a north-east to 
south-west direction parallel to this faulted boundary of the coalfndd. 


II.—THE QONDWANAS. 

77^c Valcliirs. —Tlie most complete section of the, Talchir rocks is 

Takhir sections along fPo north-eastcrly-flm\ ing tributary of 

the south side of the . j,i.\ .i / r*-i / • 

Coalfield. Umrar nver to the soulli of Bikatganj. 

The geological succession is as follows 
(Yellow-brown fine textured soft flaiidatonea. -Basal Barakars.) 


Bed and greon stratified clays. 

Conglomerate, of fairly well rounded boulders of gneiss and qiiart^ile set 
in a dull-green clayey matrix. 

Yellow and light green bedded clays and fine argillaoeons sandstones includ¬ 
ing bands with a fow rounded pebbles. The clays include at iiiU'irnlH 
narrow bands of calcareous light given mudstone up to fi inches in 
thioknesp. The dip is to the north-north-oast at about 12^ 
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Soft groonjsh folspathio grit with quartzite pebbles. 

Green clays including boulders of gneiss and quartzite. 

(Pink folspathic guoiasos, dipping south at 60°). 

In the main Umrar river all exposures of the Talchirs are 
hidden by alhiviimi until we approacli the gnoissic boundary to the 
south of Mahroi. At this point, witliin a sliort distance of the 
Metamorphics, yellow green Talchir conglomerates are seen to crop 
out in the river-bank. 

In the tributary east of Oh and war the junction of the Talchirs 
with the gneisses is again fairly well defined. A greenish con- 
glomerat<J crops out, separated from the Metamorphics by a narrow 
band of alluvium. With this boulder-bed yellow green argillaceous 
sandstones and clays are associated, but a short distance further 
north an east-to-west running fault appears to bring in more arenace¬ 
ous types, together with a yellow-grey fine calcareous sandstone 
weathering in an irregular tufaceous manner. To the north and 
west of Chandwar village, however, the Gondwana strata are again 
obscured by dull green clayey alluvium so that the geological bound¬ 
aries are very indefinite in this vicinity. No Talchir outcrops are 
seen until wo reach the Narsarha miki to the cast and soutli of 
Paunian. In the acute southor?i loop of this main stream, half a 
mile east-south-east of Paunian, yellow-green argillaceous sandstones 
and clays, including boulders of gneiss and quartzite, dip at about 
20'’ to the north-north-oast. These exposures are separated by a short 
stretch of sandy alluvium from the Bupra-Barakar rocks observed 
in the same stream-course, a .short distance to the north. The section is 
again obscured in places by alluvium, but, further west, red and 
green conglomeratic clays, con.siderab]y indurated, crop out against 
the main north-west fault in the tributary west of Pauuian. The 
typical splintery clays of the Talchirs are not seen, though the 
strata noted closely resemble some of the beds met with in the 
section south of Bikatganj. 

The next Talchir section to be described is that of the railway 
cutting of the Bengal-Nagpur line {See Plate No. 37). Here the 

Talchirs crop out over a distance measured 
The Talchirs of the horizontally, of about 62 yards. They are in- 

dined at a fairly steep angle to the south-east, 
but close to the metamorphics the splintery 
nature of the clays renders the dip unobservable. Hull red and 
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green splintery clays, including occasional large boulders of gnoias 
and quartzite, probably of IocbI origin, comprise the greater part 
of the Talchir group in this section. In the upper part of the sec¬ 
tion, about 45 yards from the motainorphics, these splintery clays give 
place to yellow sandy varieties showing definite stratification, and 
dipping south-east at 36*’—38*’. Resting on these beds with slight 
unconformity, are the gritty red clays with argillaceous limestone 
bamls, which include the marine fossils, brachiopods and small gas¬ 
tropods. These latter l)eds comprise the base of the Barakars. 

The Talchir-Metamorphio faulted boundary is almost vertical. 
Grey micaceous foliattid schiste are brought into contact with the 

Talchir clays and, though the boundary in this 
The rocks adjoining section shows no evidonco of marked shatb^r- 
Uie norlh'Westcrii jng, perhaps explicable by the fact that 

ouii ary au . sides of the fault are of a 

comparatively soft elastic nature; furthermore, the stratification of 
the Talohirs near the fault, owing to the fragmentary nature of the 
clays, is not observable. At other points along tlie line of the 
Hupi)osed fault, however, conclusive evidence, in the nature of 
iiitense crushing and silicitication, can bo seen. (Continuing north- 
cast, in the neighbourhood of this Mctamorphic boundary, no ex¬ 
posures of the adjacent Gondwanas are observed until the first 
tributary crossing the fault in an cast-south-easterly direction is 
reached; hero, indurated Talchir conglomerates crop out. A better 
section is, however, seen further east in the tributary just west of the 
‘ C” of Chhatan. Hero the rocks at the immediate boundary comprise 
much brecciatod and silicified Talchir conglomerate, showing marked 
evidence of a faulted contact. These bods arc well-exposed, dip¬ 
ping steeply to the south-east, adjoining the M(!tamorphics. A few 
yards downstream, the unaltered green Talchir clays, including 
boulders of gneiss and quartzite, crop out. Separated from these 
rock-exposures by a short stretch of alluvium, yellow-green clays 
and soft sandstones occur. These may bo either of Talchir or of 
Lower Barakar type. In the tributary about half a mile south-east 
of the railway cutting silicified Talchir sandstones and conglome¬ 
rates are exposed. 

North of the village of Chhatan, alluvium again hides the older 
strata, but when we approach the Umrar river the Supra-Barakar 
beds, dipping steeply to the south-east, are brought against the 
crystallines. Further north, where the fault crosses the river, 
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(JoOnito Talehir coriglomeratos, silicified and considerably brecciated 
strongly indicative of a faulted junction, crop out against tlic 
gneisses. In the acute bend to the west of Banr<)ri, although the 
actual junction is hidden by alluviimi. yellow and green pebbly 
clays and sandst(jnos eonm in about 30 feet to the east of the gneis.ses, 
di])ping south-east at 10". These sediments give place to grey 
massive sandstones in the tributary to the east. 

The Bamkam .— Jfroni an economic standj)oint the most important 
area of liarakar rocks is to the north of the railway in the vicinity 

of Umaria. In this localily several coal-sciwns 
The coal'bearlng have been locatcal in the middle and upper parts 
ara ar roc s. .series ; those are lining worked by fJie 

llewah State collieriiis. South of the railway, howoviir, the lower 
Barakar strata crop out above the Talehir sediments of the tributary 
south of Bikatganj. 

These rocks include a basal yellow-brown, fine textured, soft 

sand.stone, re.sting, ayiparently conformably, on the ujiperrnost 

Talehir shales and conglomerates. As we ap- 

Tlie lower Barakars proach the iunction of the two main tribu- 
ncar Bikatganj. ' . . . , • n 

taries massive grey sandstones, more typically 

Barakar in character, come in, with coarse grits and a thin pebble- 
bed in file upper part. Above these strata massive grey felspathic 
sandstones again crop out. Close to the junction with tlie Umrar 
river these sandstones include a 14-15 inch coal seam, with shales 
and fireclays above and belovr. The middle and upper bods of the 
Barakar series have been carefully described by Hughes (op. cil). 
They include mainly the typical massive grey sandstoiKjs with 
intercalated coal-seams and fireclays, but reddish and yelloiv sand¬ 
stones are also included in this series. Thesis beds crop out in the 
Umr.ar river to the north of Umaria village, but to the west of 
Laljiur and for some distance to the north no exposures are seen 
on account of alluvium. The upper strata, of the series arc well 
obscrvc<l in the tributary flowing north''to Oatsganj. 

From a purely geological point of view, by far the most 
intero,sting outcrop of the Barakars is seen in the Narsarha cutting 

of the railway, two miles north-east of Umaria 
The Barakars of the railway station. It is hero that the marine 
^^arsar a ra way cu j^orizon is exposed (See Plate 38). The 

section of these Barakar sediments is a com¬ 
paratively narrow one, {litaining only about 320 feet measured 



i'Aivr 4 .J Gee : Umarkt Coalfield, Hewalt SttUe, Central India. 


405 


aloiij^ tlio rail way lino, for tho strata aro rapidly overlapjwd by 
tho Wiiprii-Haralvar })0bide-bods iii the Houtlierii part of the cutting?. 
The lowest bods, resting upon the uppermost yellow-brown san<ly 
clays of the Talehirs, e()iuj)rise argillaceous rocks of somewhat 
similar lithology to the Talchirs Isdow; these strata, howev<‘.r, pass 
up quite gradually into san<ly clays and sandstones of Barakar 
bicies, whilst a slight, but definite unconformity appears to separate 
them from the Talchir rocks below. 


Theie appears to be considerable lateral variation in detail in 
these marine fossil beds. The best section is observed in the western 


Details of the marine 
fossil horizon. 


slop(! of the cutting, and it is this section 
whicii will bo described. T'he lateral variation 
is excmplilieil in the two detailed sectiojis 
tabulated below ; 


Mcas/fred sccUojts of the niarvic forniil beds u.s exposed in the u'cstern 

slope of the Narsarha Cutting. 


(About 1.J fc(‘t above the 
railway lino.) 

tSuft llo\v-{.'iey s.iiulsfono.i 
vvilii baiula ol yollow-gj'ioji 
ola^ti. 

(/\) S iiuiiies. iSo/t y<>]Iovv rian(t‘'fonc;;, 
Avjf.li .siitall i'oi(iul«‘«I 
aixi inoliHliii!.' a uiunbor 
of braoliioj>od.‘3 {Pto¬ 

il m I us). 

12 moIiOB. Dull lofidtsh {intl j'loy- 
i'lvvn clays. 

(IJ) 1] iuelioH. Vcllow-browii futfl samK 
band willi nutiicrotis lai;'o 
and small bjaoliiopods (/'/o 
ductus and tSpin/nr). 

H inches. Dull icd and prccnish 
clays. ' 

((J) 4-5 inphes. Hard e.nlcurcoua sboll- 
bi'd Jiioluding siuiilar brachi 
opods. 

d-lOinuhefi. lied and green gritty 
clays including bracluopuds 
at the base. 


(Ab«)ut 27 leet aifove the 
railway line.) 

(Soft ^cllow-grcy .sajid.s(oijc,v 
wiili bajid,s of yclJinv-giecn 
elays. 

(A) S iii'di s. S.tudv vcllow-laown ],i_vc> 
wiMi s/iiidl (jii.'M</!(<' pe?'b/<N 
and largo braebiopful.s (/*/o- 
d act us). 

12 inches. Dull red .iiid drab grey 
elays. 

(it)l inch. Tliin .sandy band with 
few braeluopods. 


9 inohes. lied and green clays. 

(C) 2 indio"'. H:inl calcareous bracliio- 
pod shell-band. 

2 inches. Dull red and grey-gieon 
clays. 


4 iuohes. lied and grey gritty olays. 
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Mtusurvd sections of the marine fossil beds as exposed in the western 

slope of the Narsarha Gutting —contd. 


(About 15 fert ttbo\o tho 
railway line.) 


(About 27 foot above tbo 
railway lino.) 


5 inohoa. Hard fitf'V oalcarooiuj inohcfl. Grey calcareous grit 

gritty band with bracliiopoda bund, 

at the base. 


.5 iuehcB. Gritty clays. 

1 inch. (Calcareous grit band. 

(M) 12 inches. lJull red and green gritty 
elays, including ))raeh}oj)od.s 
and iiumi'muH small ga.s- 
tro|)oda at the l)a.«e. 

lA inches. Hard grey calcareous grit. 

1.5 inches. Dull red and gietii claj s 
wilh gneissie boulders inelud- 
ed, and occasional brachio- 
]>odH {Ftjiliictui). 

2-4 inehes. Grey e.ilcare(nis argil- 
laccoiKS band. 


2 inches. Gritty green clays. 

11 inoh(«. (iroy calcareous band. 

21 inches. Grey green gritty clays. 

2 inches. Grey calcareous hand. 

2 feet. Dull grey-green elays 
with pebbles. 

;> inchi s. Hard ciilearcous band. 

(These lower strata continue 
to converge and die out up 
the slope ) 


3 feel. Dull giOi'ii clays with a hard ealcareons band, ai d including gneissie 
pebblOB ; it thins out up the slope. 


Yellow sandy Talehir ilays. 

A .small clip-fault of a few irifhe.s throw intercepts these strata 
(*S't’c Plate 38). 

Noting the geiierul relationships of tho.se Barakar sediments of 
(he cutting, one sees that they include an uppermost brown earthy 
sandstone beil ilipping S.IS^E. at 30^^, below which arc soft 
yellow and grey argillaceous .sand.stones with, hands of light green 
and grey clays inclined at .34”. A similar dip is noted in the 
ii|)])ermost fossil lioiizons wliieh follow beneath. There wa.s no 
evidence to suggest an unconformity between these lower Barakar 
.sandstones and the marine fo.ssil strata. The lithology indicates a 
gradual transition from the yellow argillaceous sandstones includ¬ 
ing the Prodnetus ho rioii (A) in its lower part, to the dull green 
and reddish clay.s in which the lower fossil zones are included. The 
strata, includmg the three upper fossil horizons (A) to (C), appear 
. to continue with similar thickness and dip up and into the western 
side of the cutting, and are probably represented in slightly varied 
form in the fossil horizons of the eastern slopes. Below the (C^ 
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horizon, however, the beds show considerable lateral variation in 
thickness and a peculiar slight unconformity on the Talchir strata 
below them. They thin out when traced up the western bank and 
exhibit a definite overlap of the upper fossil horizons on to the 
lower ones, and possibly on to the yellow sandy Talchir beds below- 
{See Plato 38). In fact, those lower fossiliforous clays, with inter¬ 
vening harder, grey, calcareous, argillaceous bands, appear to 
occur in a definitely lenticular form, the lenticlo closing near the 
edge as we go south-westwards, up and into the south-western 
slope of the cutting. Thinning out takes place of both the red and 
green gritty clays with fossils, and of the intercalated calcareous 
bands. It appears, therefore, that tliis lateral variation is neither 
the result of surface creep in the upper slopes, nor is it due to the 
squeezing out of the softer ijitercalated clays ; the exposm'e described 
reaches not more than halfway up the side of the cutting and is 
cut well ijito the rock in situ. The section suggests a definite slight 
ujiconforinity on the Talchir beds, the latter forming a slightly 
concave shelving base of deposition, which was filled up by the 
boulder-bearing clays and lowest marine beds, after which a slight 
rise in the relative sea-level resultetl in the overlapping of the 
upper zones across the lower ones. Following this, a period of 
conformable deposition occurred witli a gradual change of conditions, 
r(isulting in the shallow-water deposits of the lower Barakar sand¬ 
stone stage. 

The difference bedween the Talchir-Barakar deposits of tlie 
railway cutting and of those sections along the southern unfaulted 

. .... boundary of the field is doubtless explained by 

bugRcsted conditions , 

of depMitien. f^he varying conditions of deposition in the two 

localities. It is suggested that downward move¬ 
ment along the south-east side of the north-western boundary fault 
of the coalfield commenced jirevious to the formation of those 
Lower Barakar strata, so tliat the Upper Talchir rocks of that area 
formed a gradually shelving or locally undulating marine bed very 
suitable for the existence and accumulation of such marine organisms. 
This relative displacement, at the same time, caused the Upper 
Talchir rocks to be locally ex])osed to the erosive action of marino 
currents and so provided material of similar lithological character 
for the formation of the Lower Barakar fossil beds. At a slightly 
later diate the conditions of deposition of the typical Lower Bafttkat 
sandstones, uxrfavourable to marine life, spread westwards, and 
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ill t!u) oxtermiiuit-ion of this local, colony, and the establish- 
Minnt of Barakar conditiona thmuglioufc the coalfield. At a 

later dale, fiirtliijr downward movonicnfc along this line of faulting 
n'suhed, doiilitless, in the rapid overlap of the Siipra-Barakar beds. 

lifforl-s to locate the fossil horizons in the stream sections near 
the Ixnindary fault on either side of the cutting met with no success. 
Tim exposures are disap))ointing and might well explain the apparent 
abs(‘.nee of these fossil-bods; for although the indurated Talchir 
rocks were often soon against the iVTotamorphics of the fault-boun- 
(hiry, and the overlapping »Supra-Barukars a short distance to the 
south-east, the strata of the intervening tract were invariably 
hidden alluvium, so that no continuous section was observable, 
hi adflition it should ))o renieiubered that irom the evidence of the 
sections in the JMarsarha cutting, the strata including these marine 
fossils are of lenticular form, varying (jonsidcrably when traced 
laterally. This suggests that the organisms existed in local colonies, 
possibly sojiarated by areas where, owing to local factors, condi¬ 
tions were unfavourable for their existence. If such were the case, 
coiisideriu.g the very few conifileto sections of the rocks of the Lower 
Barakar stage met with in this coalfield, it is not surprising that no 
other fossililVrouH lucalily was discovered. 

The Sirym-Rarahtrs. —The Supra-Barakar strata include a lower 
series of giey, yellow and orange, soft, fels})athic sandstones, medium 
to coarse-textured, alternating with thick brightly-tinted clays, usual¬ 
ly red, purple, or light green in colour, together with an upper 
series of similar soft saudstone.s, including beds of well-rounded 
quartzite pebbles set in a soft sandy matrix. 

The lower groiiji of sandstones and clays apjiarently overlap the 
uppermost Barakar beds to the nortli of Umaria. In the vicinity 
of Loharganj those 8upra-Barakar strata are brought into faulted 
jiuxtaposition with the iMetamorphics, and are well-exposed, acutely 
folded, and striking jiarallcl to the fault. They are well seen in 
tile stream tlowdng in an cast-north-oast direction towards Oatsgauj, 
where they dip at a fairly steep angle to the north and north-north¬ 
west. In the distributaries flowing south-east from the Motamor- 
phics the dip is seen to cliange rapidly to the south-south-east, 

again at a steep angle. In these stream sec- 
Tjic Suprs'Darakarii tions the uprier sandstones and pebble-beds 
way cuttlns. appear to rest upon the soft yellow sandstones 

—^probably Barakar—which are separated by a 
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short stretch of allavlum from the Talchir conglomerates of the 
fault face. Tiie intervenuig lower Supra-Barakar beds—the soft 
sandstones a mi \.ii legated clays—are apparently overlapped towards 
the fault. These |)<*bblo-beds and sandstones, exposed in the north¬ 
western limb of the syncline, continue to crop out south-westwards 
in tile stream sections to witliin about 700 yards of the Narsarha 
cutting. In tliis intervening portion, however, alluviiun obscures 
the stiata. In the south-eastern part of the railway cutting exactly 
similar soft folspathic gritty sandstones and conglomerates are 
exposed resting directly’ bn the Jjower Barakar yellow sandstones 
which occur above the marine fossil-bearing beds. TJiese sandstones 
and quartzite pebble-bods are of the same yellow and reddish tinges 
and include a badly exposed baud of red clay at their base; they 
dip in a southerly direction at an angle of from 15 ’ to 20ifrom 
their lithology and from their mode of occurrence when compared 
with the above-mentioned sections to tlie north-east, there secuLs 
little doubt that tlu;so pebb!o-bods of the railway-cutting belong 
to the Sii[jra-Barakar c<mglomerate horizon. Tl^ere appeared to be 
no evidence of a fault separating these strata from the soft Barakar 
sandstones wliich occur further north along the cutting. The sec¬ 
tion is best explained on the su])f)ositioii that relative movoiiiont 
along tJio boundary-fauil was still in progress, and being accorii- 
liaiiied by aii inclination of the older sedinaiuts in the vicinity of 
the fault, these upper pebble-beds naluraJiy ovtulapped the lower 
strata ho witliin a short <lisbauce of tlie Talciiirs. On the contrary, 
on the southern side of the et)allicld whore the faidtiiig is absent, 
such intensive overlap])iug of the various Gondwaiia stages has not 
taken place. Occasional outcrops ot led clays, largi'tly obscur<!d by 
dark clayey aliiiviuiii, occur in the stream-course just west of the 
railway between the iNarsarha cutting ami Umaria statkui. With 
them are associated yellow-grey hard calcareous saiidstoims weather¬ 
ing in ail irregular tufacoous manner. To the south-west tJio soft 
pebbly sandstones and red clays are seen in the J’auiiiiui naUi to 
bo brought against the Metamorpliics of the iioundary-fault, the dip 
of these Supra-Barakar strata increasing to a fairly steep angle as 
tlio fault is approached. These scdinieuts are separated by only a 
short stretch of alluvium from the couglomorates and clays of the 
Talchirs to the south. Again, to the noj’idi-east of the railway-cut¬ 
ting, where the fault approaches the Uiurar river, these iSupra- 
Barakar strata are brought against the faulted crystallines, the 

H 
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r.nisiiO(i rocks near the boundary being considerably indurated, 
siliciliorl, and quartz-veined, whilst a short distance south-east of 
the fault the bods are thrown into a sharp fold. 

The lino of hills rumiing north-east of Banrori village is composed 
largely of massive sandstones and pebble-beds of the Supra-Barakars, 
associated with red oolircous clays. These strata are, apparently, 
cut oil to the north-west by the continuation of the boundary 
fault. 


III.—TRAP. 

No occurrence of 1 rap-rock in situ is met with actually within 
the coalheld. To the south-east, liowevor, a short distance cast of 

Karimati, sills of basalt cap the isolated sand- 
rap occurrence.. hillocks. These represent outliers of the 

<‘xtensive flows which cover the wooded uplands io the soutli. 


IV.—ALLUVIUM. 

A shod; distaiu-e south of the railway in tlio vicinity of the 
Umrar river dark-brown ajul black alluvium, including numerous 
well-rounded boulders of trajj-rock, fojins a thick covering over the 
older strata, and extends {southwards to Mahroi. Dark clayey 
alluvium is again mot witli over a large portion of the area south¬ 
west of the railway between tlic Narsfirlia cutting and Uinaria 
station, and forms a very fertile soil for cultivation. 


LIS1' OF PLATES. 

1*LA.XK No. 37.'~ll'Lo Narsarlia railway-cutting, lookings outb-oast 
PnATB No. r{8.—Near view of ilio luarino foBsil-bearing borls of tlio 
western side of the Narsarha cutting 
P 1 .ATJJ No. yu. — UooJogical map of the Umaria coalfield . . . 
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1.-INTRODUCTION. 

Ill a roeeiil. paper Dr. M. A. Peacock ^ lias given an aecoiuil- of llic 
palagonitic inlTs ol Iceland. In tliis pajier lie describes the macros¬ 
copic and iiiicj‘o.sco])ic appearances of both the sideromelan and 
palagonite of Von VV*alteishaiiseti. In addition, analyses are given. 
The provionsly held view tlial the palagonil/e of Iceland is a hydrated 
form of sideromelan is confirmed, and the similarity of palagonite 
and chloroplueito, pointed out by the present writer,“ is noted. 

Dr. Peacock observes, however, that the actual process b}^ which 
palagonite has been formed from the basalt glass, for wliich he uses 
the name sideromelan of Von Waltcrshausoii, is different from the 
late magmatic changes to which various authors, myself included, 
have attributed the formation both of cliloroph.xdte and of the 
related constituent of basaltic lava llow\s to which the term pala- 
gonito has been applied not only in India but elsewhere. Dr. Peacock 
rocorameiids, therefore, that the use of the term palagonite to 
denote certain late magmatic hydrous materials in basalts and 
doleritea be discontinued; and ho has had the courtesy to write to 
me to suggest that I should propose for this purpose some term 
instead of palagonite. 


H 2 


^Trana. Roy. Hoc, bldm., LV, pp. 51*70, (1920). 
*Jtcc. Geol. Sitrv. hid., LVllI, pp. 140*111,(1925). 
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Before considering whafc term should he S(dect<3d, it seems desir¬ 
able to see wlietlicr wo agree with Dr. Peacock in his suggestion that 
another term is necessary. The reasojis for Dr. Peacock’s sugg(‘.s- 
tion may be summarised as follows: -(1) palagonitc is tlio hydroge.l 
of sideromelan and has been formed in sojne <3ases at low tempera¬ 
tures by submersion in water and in others as the result of hot- 
spring action, (2) chloropha'ite and the palagonitc, so-called, ol the 
Indian basalts and similar rocks elsewhere, have been fc'rmed, in 
the vi(5W of tlic authors describing Ihese ro(;ks, as tlio result of late 
maginatii'. chiuig(*s, and tlu'se c,luuig<3s have, in some cas(‘s, alTectc-d 
not only the interstitial glass of the original basalts, but als»> the 
augibi, iron-ore, and even occasionally the labradorite fels])ar, the 
eliHng(} b<iing evidetitly in part one of repla(;(MUent. In fact, Hr. 
Piaicock wishes to restrict the term pakigonite to ' tlie liydrogcl 
of sideiomelan wliich (tcciirs only in fragiinmta! basaltic, ejecta 

Now, it appears to be a .sound principle that, rocks or minerals 
sliould be named according lo t.luiir coni[)Osition and strue.ture, and 
that ill lliis proci'ss the views of an author concerning tlie oiigin 
of the rock or mineral .should be siipjire.s.scd as far as po.-silde, .so 
that suKsorpient po.s.sil)le changes of view .slnmld nrit neee.ssitale 
cnanges of name. Two rocks or two minerals of diverse origin, 
but of .similar coinpo.sition and structure, should receive the same 
name. Taking the Archasan formations of liid a, for instance, a 
rock composed of interlocking (jiiartz grain.s is correctly described 
a.s a quartzite whether it has been formed by the metamor()hisin of 
a pure quartz sandstone or by crushing, that is granulitisation. of 
vein quartz. Similarly, a banded metamorphic rock conqio.sed of 
felspar, quartz, and biotite is de.scribed as a biotitc-gneiss whether 
it has resulted Irom ibe met a morphism of an original grande oc 
from the melamorphism of a .shale. Tlio geologist may express his 
views of tlio origin of the quartzite or of the gnoi.ss by suitable 
descriptive adjectives ; but, primarily, tlio name should bo .solecled 
on the basi.s of wdiat the rock is now, and not on the basis of the 
geologist’s view, wliich may be wrong, of the origin of that 
rock. 

doming now to the term under discussion wo observe that Dr. 
J’eucock lia.ses liis .sugge.stton that difl’orent names arc required for 
the.se two cla.sso.s of products. («) upon the .suggested dillerence 
bolween the materials from which they have been produced and 
(6) upon tiic ditferenees in the processes by which these materials 
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have been formed in the view of the peolopjists who have deseribed 
them. It appears to me that, in accordance with the principles 
oxj>ressed in the precedinsf ])araj?raph, even if those two differences 
can be siisfairKul, different names will be apidicable to the respec¬ 
tive products only if they are substantially different chemically and 
physM ally. On the other hand, if they arc similar chemically and 
physically, it does not matter whether the orij^inal materials from 
which they were forme<l, or the processes by which they w<?re formed, 
were similar or differeiit, one name should bo applicable to both. 
However, it will h<> iTiterestiu" first to examine briefly the two 
supposed differences referred to above. 

Si(l(;)wnela7i is a name j»iven by Von Waltcrshanscn to the 
unaltered material constitutinj]; the tuffs from which the pala- 

p;onite of Ireland has boon formed. A reference to papo 57 of T)r. 
Peacock’s paper shows, however, that the composition of this 
sideronielaii is hut sliphtly different from that of a normal basalt. 
Comparing this analysis with Washington’s series of 11 analyses of 
Iceland basalts ^ it is seen at once that this analysis is very similar 
to that of other Iceland basalts (it is sliphtly on the low side in 
silica and potash). There seems, in fact, to he no special reason 
why the term sideroinelau should he preserved at all The general 
name for basalt glass is lachylyfc and altl.o\igh in practice the 
majority of tacliylytes may be. as Dr. Peacock points out. (^harac/- 
leristically opac|uo, yet this cannot bo regarded as universally 
applicable. In India many of the basalt dykes of Deccan Trap age 
have glassy margins ; when this glassy substance is examined in thin 
sections under the micro.scope, it is found to be glassy clear except 
for scattered yihenocrysts of fresh felspar and fresh olivine, as is 
described by Dr. Peacock in the case of his sidoromelan. If these 
glasses should he termed sidoromelan because of their transparency, 
then the terra is no longer restricted to tuffs. On the other hand, 
if the term sideronielan bo not used because the rock is not a tuff, 
then there is no alternative to the use of tachylyte, and at once wo 
have an example of transparent uncloudc'.d tachylyte. It seems to 
me better to recognise that tachylyte is a general t-erm applicable 
to all basalt glass, and to follow Penck® and Teall® in treating 
sidoromelan as merely a variety of tachylyte. 

» Bull dvnl Soc. Airier., XXXIIT, ]). 7Pn, (Uli'. 

• Zeit. d. d. (Jeol Geselhch., XXXl, ]i, ii2, (Itlf). 

® ‘ 33ritifili Pelrojirajjhy,’ p. 157. 
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'riuj otlicr point of difforencc maintained by Dr. Peacock is 
ono of (ondit'ons of I'orinntion, mainly difrereiiccs of tomperature. 
Affordinfj; to Dr. .I’catook' sojne Tcolaml palagonito has been formed 
i)v (he action of cold sea-water under the pie.ssiirc of the head of 
1lie overlying water and some has been formed by hot springs (the 
hot volcanic water.s <»( Ijiiri'cn) at almosplierie pressures. In the 
v‘ase of the Indian b.^^alls |Ji<< ‘ judagmiitisation ’ is supposed to 
liave resulted from the attack of residual mafiinatic waters whilst 
the basalts v\eje (-ooling through the range of temiKiraturo from 
(the (uiticai teTuptiratiiR; of wutei-) down to at least 200'^C. 
The ditTerenc<i <!oes not npp<‘ar to me to 1)0 one of kind, but merely 
one of <logrce. as is illustrated by Iceland, whore we liavo the ]>ro- 
(iuotion of palagonilc by both cold walm* and hot sftrings. Tn all 
those cases, the foimation <(f llu‘ ultiinate li\drate<l product has 
been HCCoiu[)ani<!d by tlie relative lemov^.l r)f lime, alkalies, ahimina, 
and silica, with relatival increasi* in the amoimt of iron and 
magnesia, and with the juhlition of wjiter. The pio(“ess Is simihir 
and the i(uestioii is wliother the jnodneis are tl)e same. 

On page, t)(.) (jf his [)ap(;r. [>r. IVacock gives an jijialysis of ])ala- 
gonite-rock. It a])j>ca)s lro7n the that this rf>ck contains: 
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Making rough allowances for the com]>osition of the other 
materials, it may he deduced (bat the composition of the palagonite 
itself is a})y)roxiinately as follows :— 
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* Jit llio ivstiicled soaso lulojitcd by J)r. JV.'it'nck. 
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It is now necesnary to discuss tlie composition of chlorophceite, 
which in my paper on the Bhusawal basalts is shown to be closely 
related to tJie substances there designated 2 )alagonite. 

II.—COMPOSITION OF CHLOROPtt/EITE. 


The available analyses of chlorojihadte are collected in the 
following table, with the addition in the final column of the analysis 
of palagonite from Iceland deduced on page 414 


Locality. 

CnroHoviiiEiTE. 

Palaoonite 

fc{fciiir Molir, 
Rum.* 

Nagpur, 

India.® 

Near 

Cnufrcway.* 

Tct'land.® 

.Si(\ 


;icoo 

35 15 

^■1 

36-99 

35 

AIjOs 

« • 

, , 

100 

5-40 

10-49 

8 


• • 

22-SU 

21-77 

12-.i7 

Jl-89 

13 

FeO 

« m 

2-40 

218 

0-18 

1-63 

0 

MnO 

• • 

0-50 

0*35 

0*33 

0-08 

, , 

('aO 

• » 

md 

2 51 

3-05 

6-15 

r* 

4 

MgO 

• * 

9 SO 

5-02 

1-75 

I0*.'>2 

7 5 

NfljO 

• • 

Ir. 

• * 

1 68 

0-70 


K,0 

• * 

tr. 

, . 

0-36 

0-34 

ft * 

IIjO 1 


7-2.‘J 

4-9S 

5-20 

9 04 




(100° [-) , 

(110"-f ) 

(105“-L) 

(100°+) 

1 27 

11,0— 

• * 

i9-2;i 

27-44 

23-00 

14-16 

J 

TiO, 

• ■ 

• * 


0 62 

• • 

2-5 

Total 

100-24 

100-40 

09-79 

100(t5 

1000 

0 . . . 

(202) 

1-83—1-84 

1 81 -L 

2-278 

• • 

Ilofiactive iudox 

• • 

1-486 ±001 

MOSrt 

ft • 

1 500 


^Analyst Heddlo : Trann, li. Soc. Kdinb., \X1X, ]). 87 (1879). 

® Analyst P. C. Hoy: litc. (hoi. Ivd., LVliJ, p. 127 (102')). Kriivtclivo 

indox by VV. A. K. Cbristio. 

•Analyst W. U. llordsiuan: Min. Mag., XX, p. 4H8 (1925). 

* Analyst Hoddio : L.c., p. 88. 

• Calculated from analysis by W. 11. & F. llordstnan : Trann. li. Xoc. h'diub,, LV, 
p. (16 (1926). 

The four analyses of chlorophasite have been arranged in order 
of increasing alumina, A comparison of the Scuir Mohr and Nagpur 
analyses reveals a striking similarity between these specimon.s from 
two widely separated localities. The only noteworthy difference is 
that the ^uir Mohr mineral contains about 4^ per cent, more MgO 
and 6 per cent, less total water. The suggestion is that non-alu- 
minouB chlorophaeito is a definite mineral with a definite chemical 
composition. The two aluminous chlorophoeites form another pair. 
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not so c'osoly Kjlatod. l)ci\vo(‘U which the main dift’eronccs .arc 
f) per cent, nioio aliiiiiiiiH and 0 ])or cent. inoTo majinesia in tho Irish 
mifUTul. and 7\ per (ent. less ferrous oxide and 0 per cent, less total 
water, than in the I'j<l'ndairMh men. As a pair tho aluminous 

c,hloroj)hadt.es are disliiifruished from the non-aluminous (ihloroplucites 
})y tlieir liij^h ahimina and th<; pre.^enco of a* small hut definite quantity 
of alkalies, in which soda ])ro<lominatcs over potash. If one recalls the 
direction of chaneo involv<‘d in tho formation of chlorophaute in a 
basalt one Jiiay suggest that the aluminous chlorojdueites are examples 
in Avhich the removal of alkalies and alumina lias not been pushed 
to a finish. The close similarity ])etwe(m tho specific gravity and 
refractive indices of tlie Nagpur and Ediuhurgh specimens shows, 
however, that tho rc.-idtanl products are phy.sicnily ve,ry closely allied. 

On conq»aring tlie analysis of Iceland paiiqumlte with those of 
cldoro]jh.cito, it is seen that, ii also must, he regarded as an ahmiinous 
chloroj'hadle. In < onqiosition it is very close to the eldoroplurite 
from the (liants’ ('lansoway. The oiily^ tnarked diffennico is the 
ahsciKJO of alkalies. This is due in part only to tho fact that in 
deducing tlii.s composition frxun the analysis of tho palagonite-rock 
the alkalie.s in tlio original analysis were allocated to zeolites; for 
tho original analysis shows only’’ 0-35 per cent, of total alkalies. 
Tlie cheinical similarity is in con.sonaj\co with the almost identical 
refractive indices of the Tcxdand palagonitc and the aluminous 
(;hlorophu:ite of Edinhurgh. It seems very difficult therefore to 
treat the Iceland ])alagoiiite as a different mineral from chloropliante. 

Tho above analyses may be summarised as follows 



N<)n-:ilumiiious 

cbloroplireitc. 

Aluniinoua 

chlnrojdiffiilo. 

Iceland 

palagonitc. 

• • • 

:}5 ]n—30 00 

.32-0.'^—35-09 

35 

K.O. .... 

22-77- 22-80 

17-77—22-38 

21 

h(» .... 

JO 00-14-08 

17-31-17-38 

14-0 

h./) .... 

tr. 

2.04— MO 

, . 

H.O .... 

32-42—26-46 

29-10- 23-20 

27 

TK), .... 

V « ff • 

0-62 

2-5 

hofractive Index . 

1-486 

(Nagpur) 

' 1-498 

(Edinburgh) 

1-500 

(Iceland) 


iSiuce these analyses when t-hus studied appear to agree so closely 
in a general way, it becomes interesting to examine whether they 
conform to any general chemical formula. 
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In the h)]Iowing table the five analyses have been recUicefl to 
molecular terms with the SiO., shown as 20 :— 



A study of these molecTilar proportions sIjoavs that in the Nagpur 
analysis the molecular ratios approach closest to the whole numbers. 
The formula for the Nagpur mineral may b(; given as follows : — 


<)iH20.7il0.5R203.20Si()2 i 52] 11,0. 

This analysis happens also to bo that showing tlic smallest 
molecular proj)oriion of RO, and therefore will servo as a useful 
datum line. Rringing the R 2 O 3 in eacli case to 5 by Tiiaking an 
adjustment between the FcoO,-! and FeO, tiio 5 analyses correspond 
to the following molecular forrnuhc :— 


Nagjmr . 
EcUnbiirgb 
iSouir Afohr 
lofland . 

Giants’ Causeway' 


tUK„(>. 7 RO. 5 l{a() 3 . 20 SiOj 
10ilJjO.lJUO.IIl»O.5KjjO;.20SiO, I 4 nHj('. 
j3JH8(>.10iH().51t*Og.20,SiUj,-| SrllJ./). 
13iH,O.10iH().r>HgOa.20,SiUj ; SAJllat/. 
l(»iIIaO.l4.iU0.Ui,O.ol?2()8.2(»Mr), ; 2.-)IHjO. 


For the purposes of this paper and brevity of expression I pro¬ 
pose to refer to the water driven off up to lOO"^ to llO'^C (diffjuent 
analysts use difforont temperatures) as von-mok’cidm' wafer and 
that driven off above this temperature as moWnlar water. A study 
of these formula? shows that quite closely for every addition of one 
unit of ‘molecular water’ there is a decrease of four units of ‘ non- 
molecular water ’. In the Iceland case, the water has been arbi¬ 
trarily distributed in the proportitms contained in the nearest 
parallel, the Scuir Mohr analysis. 

A comparison of the formula) allotted to the two extremes of 
this series—the Nagpur and Giants’ Causeway minerals—suggests 
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tJie following general formula for the chlorophceites, RgO when 
proKont being regarded as 110 : - 

25HaO.5R2O3.20SiO2 I- ^(RO.HaO) l-(80—l/OlIaO. 

The first term is suggested by the fact tliat in both exirenies of 
<li(5 series the dilfcrciico between combined water and RO is 2^ ; 
and the final term of (80—llgO by the relationship between 
combined and additional water already noted. 

The values for the above formula with ?i -7, 8, 11, & 14, res¬ 
pectively, are shown in the following table :— 


Valiif’ 


('oniparo 


f)i 

— 

f(>r uiiilao 
oil [), 4 17 


it 


for 


n 

4 

!)AlljO.7U.(>.r)U,()s20Si(), ! 5211*0 

Na;j!:j>ur 

1 .}lf*0. 

S 

lulUjO.HUu.r.KjOa 20 S 1 O* 

I'Minbuigh 

{ij<,o..4uo,in20. 

II 

isiHjO.iMio.nUjOj.^esiOj ^ jioiijO 

( St;uir Mohr 
( fcolaiul 

^k6,|Li*o. 

JIlO.AHjO. 

1 t 

lepiaO.MK'O.r.lijOa L>r.Si(>3 f 2411*0 

(Tiani/i’ 

|H,0"lK,0,iR,0,l }}I*0, 





The fourth column sliows the departures from these ideal for- 
jnula^ of the actual formula* referred to in column 3. 


The only formula empirically determined that disagrees at all 
seriously with the above is that of the Edinburgh specimen, which 
shows 3RO and iRgO in excess. In both the Edinburgh and 
Giants’ Causeway analyses, the alkalies are in excess of the formula, 
and it is perhaps doubtful if they enter tliorein. But obviously 
there is no basis for discussion of this point or of the meaning of flie 
slight departures in the amounts of RO and HgO shown in the other 
analyses. They may all lie within the limits of experimental error. 

The closeness with which these five analyses, as also an analysis 
of neotocite (see page 427), conform to the general formula may be 
judged from fig. 1. The line AB represents the ratio of ‘ non- 
molecular ’ water to ‘ molecular ’ water for values of n from 0 
to 20. The spots represent the actual water ratios for the six 
analyses. The thinner hne CD represents the number of units of 
RO (with R2O) for the same range of n from 0 to 20. The 
crosses show the actual values of RO for the six analyses. The only 
value that fa'la seriously out of place is that of RO for the Edinburgh 
chlorophante. The value of the refractive index is shown where 
known. The progressive increase with increase of 71 is illustrated. 
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C A 



MOLECULAR WATER d. R O 

Fig. I--J)islribulion of wat<*r in uiiuttrals of tlio oUloruphtoite series. 
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III THR USR of THR TRRM PALAQONfTR. 


From Urn profodiTifjf aootiou it will ho soon that it is diffirult 
to 1roat tho palnironifo (i.f.. tho col-portion of tlio pa.Iafyonifo-ro(;k) 
of Trolarul as a. <lifToront suhstanro from (^lilorophaRile. In potro- 
graj)hion.l litoratnro th(i torni ‘ palnconito * soems, however, to have 
reeoivod an applienlion more eom])rohensivo than to a substance witli 
tho chnroofors of tho pnlai^onito of Tocland, In my paper on the 
‘ Basaltic Lavas in Bhnsawal,’ T dovoted several pages ^ to a 
discussion of Iho characters, coinposition and formation of 
palnconifo an<l chlorophTitc. Tho following quotation from page 
may bo given hero:— 


* From thfi forocroin" rotes wo soo tliat iindor pjtlagoiiilo bavo bocJi ooiunjiscfl 

at lo.'mt (wo (li.^tinpt snlislanoos. Tman'd "(‘ncrally, y)alagniiilo may ptM-luips be 

r<>parcIo<| as a bvflroas i/lassv subst.onco of variable com- 
Palai'oiiitc 10 ‘'rncral. t i 1.1 i i i i' i 

position formed p.irtlv In' hydration of tho yinmarv f'la.s8 

and partly at tbo I'Xpenso of an-rito (? ayaln tngely Jiydration) and iron-ore, and 
with mneh more dilTionllv at tbe nx])enKe of felspar (? by replacement). Tn colour 
it ranyos tbrniit'li orantjo and brown to brownish green and bright green, and the 
material of all eoloiirs mav become ‘ d<-vitrilied ’ and aiiisolro['ic in yplieriililcs 
and conccntric-radiato layers, with in all eases a positive elongation to tlio fibn's. 
Tho clear orange and brown varieties, both i.sotroplo and anisotiiipic, consiiftit,!' 
olilorot)hfeite, whilst tho anisotropic green form is yn-obably indentical nitli deb-s- 
slto or eoladonite. Tt is eveoedingly iliflienlt to distIngin’sli i fiese f wo latter minerals 
one from another when in fine aggregates, hnt if ono mav assume tbo green mineral 
of the palagonite to b** rlelessito, then tbe difference be.tAVcen firango palagonit*' 

(cliloTopbu'ite) anrl green yialagonito (deloKsitc) is very 
simple. A reference to th{' analyses given on page 13G 
will sbow at once tliat in most rcsyieets these two minerals 
are chemically vory cloaoly allied : tho chief tliffenmee 
is that in ehlorophreitc the iron is mainly 

in the ferric, condition whilst in delossite it is mainly in the ferrous 

condition. Tn addition, whilst dclo8ait<! contains alumina as an essential con¬ 
stituent. the ch loro pirns to of tlx'original Inenlil.y is practically devoid of alumina. 
The ehlorophrcito of rJianta’ nauseway. howaiver, yielded 10 f>cr cent, of Al.O-.. 
Finally, chloropha'ito i.s more highly hydrous. Tt appears therefore legitimate 
to deduce that tho formation of one or other of those two minerals is largely a 
function of degree of oxidation at tbe time of alteration. As both dolessite (30 
p<'r cent.) and chloro{)h!T‘ite (36 per cent.) contain a consiclerably smaller per¬ 
centage of silica than any of tbo original substances, primary glass (about CO per 
cent,). ]»yroxeno (about fi.fi per cent.) and labracloritc (abmt fifi per cent.)—except 
iron-ore, their form.ation as a scconclai-y product involves the separation of silica. 
This may, of connso, be eitbor removed in solution to be deposited in geodes and 
vosioles. or it might crystallise out as an additional complementary mineral with 


Chemical Jiffercncc 
belweeii orensre pala- 
gnnltc fchlorcphruiie) 
and ‘*rccii pah'gmUc 
(dclcssHe''. 


1 /fee. Oeol Surv. M, LVITI, pp.» 125-135. 
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ilio pJilagoiiite. la tho caso of tho greoa palagoiiito, wlioro the ALOj is rotainoti, 
I'll) ij'irj)la< rtiUoa had ofloa appoaro'l a» tho onolosotl sphorulitos of chalcedony 
Ji )Liool al>.>VL». lliit iu tho cadj of ohJoroph.eifco, as the ALO, of tho origiual minerals 
Id not always rotmio'l, tlu dodtuiatioii of this constituont appears aiso to roquiro 
o'Lpi i utioii. 'Clio ciiabi/ato ai.ij)()lioa tho obvious answer, for*it explains tlio desti¬ 
nation of l)oth surplus AljOj and SiOwhich may bo assumed to have taken over 
such alkalies as wore available. From this it slioiild follow that chlorophucitc 
is lower in alkalies than dolossito. Alkalies cannot, however, bo regarded as an 
o.dsoutial coristituont of either mineral and the published analyses suggest no 
mvrkod dilfereuco in tfiis rospoct. If tiioroforo the green mineral bo dolessilo it 
seems noeossary to assume that its formation has involved tho removal of allvahes 
in solution. JBoth chlorophadte and delt'ssito are low lu lime : iu the former oast* 
the destination of this constituent, a.t least in jiait, is I lie aoeomiianying chiiba/uU‘, 
but in tho formation of dolossito lime must alao have been removed in solution. ’ 


In iliis jiupor it is shown tJiat no distinction cun be drawn between 
clilorupjmiite and orange or brown palagoiiitc and if the term 
palugoiiil-e is to be ic.^tricted to the l»rown and orange varietie.v, 
thim it is unnecessary us a. mineral term, because tiro term (‘-Idoro- 
jiluuile has jirioril.y; but in tlio form of the name of a prucc.ss, 
namely palugo/ri/imtioa i. would still find use. Jf, Jmvvever, the 
extended use of liie term palugoiiite be rotahied, in accordance with 
vvbicl) certain green substances also come under this term, Mien wo 
are giving to the form jiuJagojuie a more comjmdien.ive mortiing, 
and, m this form, it will be of more use to science than if restricted 
to identity with chloroplucite. A sludy of Penck’s (daborate jniper 
* Uebor FalagoniL uiid Basulttuifo' ^ shows also that in spite of 
tho use of tlio term VaUigoniiJvls by Von Walti'isliansen the sub;,- 
tanci'.s from i'alagonia, tSicily, JcclaiKl, and el.^bwheie, to whicli the 
term palagonitc was originally apiiliod were impure substanees, 
namely rucks,, e.(j. many of the materials analysed by Bunsen-. And 
Dana * Ihsts palagoiiite ris-— 


‘A has-dlie tufa eoiirtistiag childly of gt'ss iapilli and tho products of Itieo 
aUoraliou. It formeriy passed as a miu* ial spi cics, but properly bolongf! to 
petrogiMphy.’ 

It seems clear, therefore, that the term palagonitc was originally 
a[»plied to a less pure tnibslance than that for wliich the term cldoro- 
jihieitc was proposed. It seems, therefore, that palagonitc should 
be treated rather as a rock name whilst chlorophicito should be 
treated as the name of a gcl-mincral. In this comproheusive sense 


* /v.c., p. S<>7. ‘ Eu oxititii’t kem iUiiierai I'alagcxul 

~ Aimaleti, LXXXJll, pp. 221-22'J, (isai). 

* ‘ Syatom of JUiuoralogy’, p. 1042, (1911). 
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jjiiJfigonilo iucluflcii hydrated basaltic glass with, in some cases 
protliicts of replacement of minerals contained in, or associated 
with, basaltic glass. Palagonitisation is the process by wlii(;h these 
hydrated products are formed. The products of palagonitisation 
may be either orange, brown, or green. If orange or brown, the 
substance is chlorophteite; if green, it is probably dclo8.site, but 
this point has not yet boon proved by analytical work. The ana¬ 
lysis of palagonito used in these pages for comparison with analyses 
of chloro})hreite is really an analysis of palagonite after rennjval of 
the other constituents, wdiich are really a part of the palagonit(5, i 
the latter be treated as a rock. 


IV. -THE CHLOROPH/EITE SERIES. 

Tlio discovery that oven a general formula can be apjjlicd to a 
series of specimens of an apparent colloid substance obtained from 
.several diverse localities indicates that chlorophaiite cannot he 
treated as an indefinite mixture, but must be regarded as a definite 
miiioral, the varieties of which have a range of composition con¬ 
forming to a general formula. 

Once the existence is a<lniitted of a series of substances conform¬ 
ing to a general formula, it becomes a matter of curiosity to ascertain 
Avhetlier there are any other minerals either colloid or crystalline 
that conform to tliis general formula. To determine this point 
involves in the first place searching for hydrated minerals in which 
the ratio R./Ia : ►Si02 1 : 4, i.e., 5 : 20. It is obvious from inspection 

of the general formula that any compound with this ratio and with 
110 from 1 to 20 can be assigned to this series, if the amounts of 
molecular and nonuiolociihir wafer bo not taken into account. 
The following is a list of such minerals:— 
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Value 
of n. 

Name ol mineral. 

(J. 

lielrnciive index. 

HjO divergence 
from soriefl 
formula. 

0 

MonlmniilUmito 


9 • 

1-49—1-51 (l-.5(.i) 

IS 


Ohl<*ropal 


P • 


P 9 

n 

Nontronite , 


2'.50 

I-588, i r>l)0, 1-645 

~ DO 

3 

Noutronite . 


• • 

. . 

- 40 

5 



2-2 

1-48, 1-51, 157 

— 4^) 


G'ismondite . 


2-27 

1-539 

- -15 


Ijainnoutttn . 


2-;; 

1-521 

-47J 


(jhaba/.ile 


21 

1-178, 1-480, 1 480 

371 


Gineluute 

P 

21, 2-17 

1-101, 1-470, 1-481 

- 


Analfitc 

P 

2-25 

1-487 

- 57] 


(ll.ilieonite . 


2-2—2-8 

1-088 

- ;*)() 

7 

G'hloiopliioito 

(.JramiiiUe 


1-83 - 1-81 

1-S7 

(ut lOOT.) 

1-480 

9 • 

*' ] 

—;u 

7-i 

!Sfjlpui)iii<*l«iK‘ 


2-K.') 

1 09.5, 1-085 

;>() 

8 

1 !hl<irophii>i(e 


1-81 

1-498 

1 

4 

11 



202 

9 • 

J 

V 


l*alag<mi(e . 


• m 

1-500 

_ 1 

T 


iMingiietifo . 


2-8(i 

• • 

- 10 

12 

IJiirdolite 


2-47 

* m 

- -14 

u 

Chloi'ophacilo 

P 

2-278 

• ■ 

-I- K 

l(j 

Neotooite 

• 

2-6 

1-47, 1-54 

1 1 

1 1 

m j 

liiotite. 

P 

2-7—3-1 

1-57—1-00 

- lUi 


'LMio liguiey in iJic linal column indicate the divergence between 
the total amount of wnter pieseiit and the total amount required 
for a mineral conforming to the general formula of the chlorophauUi 
sorieH for the values of n shown in the first column. In the case of 
the zeolites tlie water divergeuco is cairndatod from the formulae 
as given by Dana, but for the other minerals the divergence is 
calculated from actual analyses, the analyses used being collected 
in the following table, in which also two of the chloropkcite ana¬ 
lyses aif) included iii order to show the position of this mineral 
with reference to the others :— 
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^ana, p. 690, AnaJj-sis No. 1. ‘ T^icroix, Btdl. i>anc. Jftn„ XXNiri, p 

^na, p. 701 Analysis, No. 2. ® ilorn/e-^i z, B^jIL Sor. Fruiic, 3jr?n., XLVII^ 

tona, p. 691- Analysis, No. 1. • Daua, p. 662, Analysis No. 2. 

[alUiDond. 3f?7i.3/a^. XIX, p. 331, Analysis, No. 12. Dana. p. 704, Analysis No 4. 

)ana, p. 701, Analysis, No. 7. l>ana, p. 63i>, Analysis No. 1, 
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With the exception of the group of zeolites corresponding to 
n—5, and biotite, which, with n—22J, is just outside the series, 
the whole of these minerals occur in nature as fibrous, scaly or 
amorphous minerals, almost invariably in circunistanc(*.s that show 
that they have been formed by the alteration of pre-existing minerals, 
in the presence of abimdancc of wattu. From the list on page 423 
it will be seen, however, that the only other mineral that actually 
carries the correct total amount of water required for the chloro- 
plueite series is neotocite (analysis 4 of Dana), and as the <listribu- 
tion into molecular and non-molocular water is also correct, neotocite, 
as represented by tliis analysis, may be regarded as a mangan- 
chlowphceite. In addition, glauconite and bardolite have the cor¬ 
rect molecular water, but a deficit of non-molecular water. 

When I started this search for additional minerals that might 
be referred to the chlorophicite series, I thought it possible that 
montniorillonite and chloropal (of which noutronito is treated as 
a variety by Dana) might prove to be the end memhers with w—0 
and Ji 203 =Al 203 and Fe 203 respectively. The result is to show 
that rnontmorillonito and chloropal contain much too small a 
quantity of water to bo referred to the chlorophfnite series, but it 
may bo suggeste<l that each of these minerals at some stage of its 
formation, which probably w'as accom 2 >anied by jnogressive dehydra¬ 
tion, may have conformed to the series fijrmida. 

In the course of consideration of the minerals given in the list 
on page 423 notes on (jach wore j>repared ajid the formula) calculated 
and arranged in accordance with the general formula of the chloro- 
plneite series. But it is considered that it will be of interest to 
print here only the notes on montuioriUonite, chloropal with its 
variety nontionite, and neotocite. 

MontniorUlofUie (m=0, 1). 

The formula for n=0 is— 


2 jHaO. 6 R 2 O 3 . 20 SiOa-l- 80 ll 2 O. 

The formula given by Dana is— 

M 2 AljfJi 40 i 2 H-naq. Le Chatelier. 

But the water is much less than SOHjO, as is shown by the 
figures in the table on page 424. 
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Tlio analysis from Dana (by Salvetat) thoro quoted corresponds 
to— 

‘20piaO.RO.5Al2O;j‘^08iO2 f 14iHaO. 

The formula n—1 requires (3| |-76)1120. 

The formula adopted by H. Loitnieier ^ is— 

Al2O3.4SiO2.6H2O. 

Montmorillouito is found in abundance in the Central Provinces 
of India in the joint plane.s of certain mangauese-ore deposits, e.f/., 
Ivachi Dhana and Kaudri. A specimen from Kachi Dhana gave 011 
analysis figures close to those of the original min(?ral from Monl- 
morillon, the total watesr being 26*76 per cent. (37^HaO against 
34UI2O). 

Vhloro'pal. (n- 0 ). 

Whilst moutmorillonitc might be regarded as related to the mid 
uiomber of the series with a -0 and RgOg --AI 2 O 3 , chloropal might 
perhaps be regarderf a.s related to the end member with n --0 
and ligOg'-FcoO;,. Dana gives the formula of chloropal doubt¬ 
fully as HflFeg^iaOig i ^HjO. If, however, it belongs to the chloro 
pluuitc series the formula should be 2 Jlf 2 O. 5 Fe 2 Oa. 20 SiO 2 f SOHgO. 
The compositions required by these two formula} are as follows:— 



Dujia. 

n — 0. 

H,0. 

20-9 

42-65 


.37-2 

22-89 


41-9 

34-59 


A few of the analyses given in Dana have the ratio FcgOg : SiOa 
ajiproximuting to the figiues required by Dana’s formula, but the 
majority are closer to the ratio 1 : 4. Usually there are small quan¬ 
tities of protoxides present so that n~-2 or 3, as in noutronite : 

Xontroifite ('a=2^ to 3). 

This mineral is listed by Dana as a variety of chloropal, and is 
treated by Larsen ^ as identical with chloropal. Analysis 2 of 

* ZeitscU. Kryst., LV, p. 3oC, (lOfa). 

2 liuU. No. (>71), U. 6’. Geol. Hurv., p. 28G, (1021). 
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Dana has FcjO^rSiO, almost exactly=l: 4 ;'j^but taking AI^O.^ 
into account the ratio is 1: 3*4. Treating a portion of the FejO., 
as 2FeO, however, the analysis corresponds to:— 

5JIl2O.3RO.6RaO3.20SiO -f 22iHaO. 

The last term should be CSH^O for n=:3. Ijarson gives the 
formula of nontronite as :— 

(Ca,Mg)0.2Fea03.8Si02.7 ± 11,0. 

This is equivalent to :— 

5H,O.2iRO.5R,O3.20SiO2+ 12|iraO. 

This corresponds with w=2|, except that the last term should 
bo 7011,0. 

Neotocile (w—16). 

No formula is given for this mineral by Dana, who describes it 
as a hydrated silicate of manganese and iron, but of very doubtful 
composition. The proportion of sesquioxides is very variable, and in 
three analyses a high proportion of jVIiigO, is indicated. One ana¬ 
lysis (No. 4) corresponds with the following formula :— 

18H2O.14^RO.5R2O3.20SiO2 f lblllgO. 

ji=:16 requires— 

18Jll2O.16RO.5R2O3.20SiO2-l-i61iaO. 

This mineral, therefore, may be regarded as belonging to the 
chlorophujite series, even the degree of hydration and distributioji 
of water being correct. If this analysis be correct, then ncotocihi 
may be regarded as a mangan-chlorophmte wdth MnO in place of 
MgO, etc., and with less water owing to its jiosition in the scries. 
The specific gravity (2*1)4) of ncotocite is considerably higher than 
that of chlorophadte (1*81 to 2*28), but the refractive indices are 
closely similar :— 

Neotoeiio (Larson) . ..t‘47 —l u4 

Chiorophaeito . 1*480—1*600 

Larsen (L.c., p. 116) remarks that the name ncotocite should he 
confined to the amorphous mineral that has approximately the 
composition of bomentite (Mn0.Si02.n.H20). If, however, as the 

^ The refractive index of the chlorophsoite of .Bhusuwai ranges up to a liguro sllgliti> 
above that of Canada Balsam, t.e., to over 1*644. L.c., pp. 131, 161. 

1 2 
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analyses show, neotocite contains considerable amounts o£ sesqui- 
oxidcs, thou the foregoing treatment seems more suitable. 

Summarising the above we may say that chlorophjcite, pala- 
gonitCj and neotocite, have the correct molecular and non-molccular 
water to be assigned to the series represenitid by the formula:— 

2^RO.5ll2O3.20SiO2-l-«(liO,n2()) } (80- 4w)HjO. 

These minerals are all secondary colloid minerals, formed as the 
result of hydration of pre-existing minerals, and possessing refrac¬ 
tive iudic'os ranging from 1-17 to 1*54. 

In addition, glauconittj and bcirdolib) corres}>ond with the series 
formula (jxcept for a deficit of non-molccular water. 

In noiitronitc and graminite (both varieties of chloropal) the 
molecular and non-molccular w'ater have not been dcdA^rmiiied 
separately, except that noiitronite may absorb wati'.r up to a total 
of 30 per cent, which is reduced to 18-7 per cent, at 80''’C.^ All 
that one can say safely of these two minerals is that there is a deficit 
of total water. 

In montmorilIonite, although the total water is too small, yet 
the combined water is too high for the formula. 

This leaves only the zeolites, stiipnonielane, minguetito an«l 
biotite, which are definitely crystalline minerals. Although zeolites 
lose their water gradually on heating yet their maximum water is well 
iHilow that required by the formula. I’erhaps it may be suggested, 
however, that should they ever be found in colloid form they might 
carry water approximating to the formida. 

It may be suspected from tlunr mode of occurrence and micros¬ 
copic appearance that did they occur in crystal form most members 
of this 1 : 4 series would prove to bo micaceous in structure. 

V.—SUMMARY. 

1. Chlorophaute is a gel-mineral of variable composition, but 
the variations take place within the limits of a general formula, 
which is :— 

2|HaO.5RaO3.20SiOa-f- w(R 0.H20:)-I-(80-4w)HaO. 

2. Four analyses of chlorophmite from Nagpur, Edinburgh, Scuir 
Mohr, and the Giant’s Causeway, respectively, correspond to ex¬ 
pressions of this formula with n=:7, 8, 11 and 14. 

* Berthier, An. Ch. Pkys., XXXVI, p. 24, (1827). 
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3. In RO far as the data are available the specific gravity and 
refractive indices increase with the value of n. 

4. The gel-mineral of the Iceland ])alagonite-rock doscril)ed by 

Dr. Peacock is deduced to have a composition that brings it into 
the chlorophacite series with 11. The refractive index of this 

palagonite falls into the correct place. 

/). I’he term chlorophant<) (Macculloch, 1825) has priority over 
palagonite (Von Waltershausen, 1810). 

(). It is deduc<ul, therefore, that the term palagonite should not 
be employed as a mineral-name and thfit the pra<;tice of Penck 
and Dana should be followed in accordance with which palagonite 
is regarded as a rock. When the rock contains no extraneous 

substances then palagonite ecpials chlorophadte-rock. 

7. The basalt-glass known as sideromelan, from which some 
palagonite has been formed by modificat-ion and hydration, should 
be regarded as only a variety of tachylyte. 

8. Used to dt^s(;ribe certain secondary substances, but without the 

precision of a mineral name the term palagonite has been extended 
to comprise two varieties (1) orange and brown, and (2) green. 

The orange and brown palagonite when clarified from other sub¬ 
stances is identical with chlorophaute. The green variety has not 
b(!cii studied but may prove, when free from other substances, to be 
identical with or related to delessite. 

9. It is recommended that the term palagonitisation should 

be used to designate the process of hydration with accompany¬ 

ing chemical composition by which palagonite of both kinds is 
formed. 

10. A consideration of analyses and properties of other minerals 
shows that at least one analysis of neotocite conforms to the chloro- 
pliacite general formula (n=16). This mineral may be regarded as 
a mangan-chlorophadte. 

11. In addition to chlorophaeite, palagonite and neotocite, 
which all have the correct distribution of ‘ molecular ’ and ‘ non- 
molecular ’ water to be referred to the chlorophaute general formula, 
there are several other minerals that conform to the series, except 
that the water content is deficient. These minerals range from 
montmorillonite and perhaps chloropal wdlh (i?=0) at one end of 
the series, through certain zeolites, glauconite, chlorophaeite and 
various micaceous minerals to biotite at the other end («—22J). 
The tende,nc.y is for all the hydrous miiternls, excepting the zeolites, 
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with a ratio of SiOg—1: 4 to be, when not amor phouB, cither 
fibrouft or niioaccous. The majority of thorn are pe{‘on(lnry minerals. 

12. An examination of the f'oneral formnla of chloropha*ite 
shows that for every increase of one unit of ‘ molecular ’ water 
(water driven off above 100^—lUfC), there is a decrease of four 
units of ‘ noiMuoIocular ’ water (water driven off below 110°0). 
No explanation of this curious fact is offered, and it will bo interest¬ 
ing to see whether future work on the chloro])ha‘itc series supports 
tins relationship as expressed in the general formula. 
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MISCELLANEOUS NOTES. 

Bdfytes from the Anantapur district, Madras^ 

^Parytos orcurs in the reserved forest near Nerijamupalle (14®32'30'' 
7s 1') in the Anantapur district of the Madras Presidency. It occurs as 
veins in Vaimpalli slates and limestones which form part of the Papaghni 
s<Ties of the (Juddapah system. The outcrop of the largest vein is from 
3 to 11 feet wide and it has been followed for more than half a mile along 
its strike, N. 110'’E.; three other veins crop out close to the above vein, 
two of which strike respectively N. 125° K. and N. 110° E. 

Another outcrop occurs in the Daditota reserved forest, IJ miles nortli 
of the chief Nerijamupalle vein, and this also bears N. 110° E. 

A representative set of specimens has been collected from both localities 
(M. 940 A.— Q. and M. 941 A.—D.). The average specific gravity of the 
Nerijamupalle barytes is approximately 4*4 and the colour, though generally 
white, varies to light green and a faint pink. A microscopic sectitm (17674) 
of the vein material bordering the main vein (30/46) shows an argillace¬ 
ous limestone with barytes, calcite, a little cpiartz and some chalcopyrite. 


A. L. COULSON. 
A. K. Det. 


Barytes in Orchha State. 

According to Mr. M. K. Pay, Consulting Geologist, barytes has recently 
been found within the limits of the village of Khura (now called ‘Suraj- 
pura ; 24° 43' SO''; 79° 10' 30"), which is 2 miles south-south-east of ileoid.T 
and forty miles from the nearest railway station, Man Ranipur (Great 
Indian Peninsular Railway). 

The barytes occurs west of tbe village by the side of a hill called Cha- 
krada. Mr. Ray, who ha.s examined the deposit, states it is associated 
with about equal proportions of quartz in a vein in Bundclkhand gneiss 
and is also found in the adjoining rock. A little copper pyrites occurs 
with the barytes, but, as far as Mr. Ray could make out from a surface exa¬ 
mination, there is insufficient copper ore for the vein to be worked as a 
supply ot copper ore. No lead ore was found. 

The vein strikes- approximately N.W.-S.E. and it can be traced for 
about a quarter of a mUe. This direction is that of the general strike of 
the basic rocks intruding the crystallines, hut the usual strike of the quartz 
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veins is from N.N.E.-S.S.W. to N.-S. A littlo prospecting work has exposed 
a width of about eight feet of vein without reaching the walls. The 
estimated cost of transport to Man Ranipur is between Rs. 10 and Rs. 15 
per ton. 

The barytes found upon the surface is mostly brownish-white in cf>lour, 
but the quality improves even at a depth of but two to three feet. A speci¬ 
men (M. 949) was found to have a specific gravity of 4*395. 


A. L. OouTiSON. 
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